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APPEXDIX  6 

PUMPING  SYSTEM  FOR  COLLECTING  WORKS 

BY  WALTER  E.  SPEAR,  DIVISION  ENGINEER,  WITH  ESTIMATES  ON 
ELECTRICAL   EQUIPMENT   BY   HORACE  CARPENTER, 
ELECTRICAL  ENGINEER 

The  proposed  design  for  the  Suffolk  County  collecting 
works  requires  some  form  of  pump  which  can  be  operated 
economically  through  a  suitable  transmission  system  from  one 
or  more  central  power-stations;  the  centrifugal  or  the  recipro- 
cating pumps  with  drop  suctions  which  are  in  use  on  the 
Ridgewood  system  of  the  Brooklyn  works,  for  pumi)ing 
groups  of  wells  and  infiltration  galleries,  would  be  imprac- 
ticable for  the  complete  development  of  the  Suft'olk  County 
ground-waters  proposed,  because  of  the  distance  separating 
the  units  of  the  continuous  line  of  wells  and  the  limitations 
in  the  depth  of  pumping.  Either  an  air-lift  system  operated 
from  one  or  more  compressor  stations  or  a  system  of  elec- 
trically driven  pumps  of  the  plunger  centrifugal  or  turbine 
type,  operated  through  a  high  tension  transmission  line  from 
a  central  electrical  power-station  must  be  chosen. 

The  air-lift  swstcm  offers  many  advantages  over  any  other 
method  of  pumping  in  smaller  depreciation  and  in  greater 
ease  of  operation,  but  these  advantages  are  more  than  offset 
by  the  low  efficiency  of  the  air-lift  and  the  resulting  high 
o])erating  cost. 

SYSTEM  ()!•    l<:LI-:(  'ld<ICALLY  ]:)RI\1L\  PUMPS 

The  universal  acceptance  of  tlie  high  tension  electric  cur- 
rent for  long  distance  power  transmission  is  sufficient  proof 
of  its  superiority  over  that  of  pneumatic  or  hydraulic  meth- 
ods. There  can  be  little  question,  therefore,  of  the  applicabil- 
ity of  a  system  of  electric  transmission  and  distribution  of 
])()wcr  for  the  ])roposed  Suffolk  County  collecting  works,  the 
main  line  of  which  extends  over  a  distance  of  50  miles,  if 
a  highly  efficient  type  of  pum])  can  be  designed  that  can  be 
operated  with  low  maintenance  and  depreciation  by  means 
of  an  electrically  driven  motor. 


330 


APPENDIX  6 


Types  of  Pumps 

There  are  several  types  of  pumps  on  the  market  designed 
to  be  driven  electrically,  but  none  of  them  are  quite  suitable 
for  the  Suffolk  County  collecting  works.  Most  of  them  do 
not  appear  to  be  highly  efficient  and  all  probably  suff'er  some 
wear  if  any  sand  or  grit  be  present  in  the  water.  A  pump 
is  required  for  the  Suffolk  County  works  that  would  continue 
to  run  economically  for  months  at  a  time  with  1)ut  little  atten- 
tion. 

THE  p.  K.  WOOD  PROPELEER  PUMP 

The  P.  K.  Wood  IHimj:)  Company,  of  Los  Angeles,  Cali- 
fornia, manufactures  a  pump  that  has  been  used  in  the  west 
to  some  extent  for  deep  well  work.  This  pump  consists  of  a 
series  of  propellers  2^/  to  5  feet  apart,  rotating  on  a  vertical 
shaft  within  a  solid  casing.  The  shaft  is  supported  by  spiders, 
or  guides,  at  frequent  intervals  within  this  casing,  and  nuich 
trouble  arose  in  the  earlier  patterns  from  the  wear  on  these 
unprotected  bearings,  and  the  cutting  of  the  casing,  and  the 
breaking  of  the  propeller  blades  that  resulted.  Tt  is  claimed 
that  these  earlier  difficulties  have  been,  in  part,  ol)viated  by 
the  use  of  annular  bearing  rings  of  wood  about  the  shaft. 

The  pump  gives  a  large  discharge,  and  the  manufacturers 
claim  from  50  to  75  per  cent,  efficiency.  The  available  draw- 
ings of  the  propellers,  however,  show  them  to  be  somcwliat 
crude,  and  the  efficiency  may  ]U)ssibly  1)e  less  than  that  claimed. 
The  bearings  of  this  pump  (\o  not  a])i)ear  to  be  as  well  pro- 
tected from  wear  as  the  next  ])um])  considered. 

r.VRO.V   JACKSOX   ''deep   WEEE   VERTIUAE   TURllIXE  PU^fP" 

The  "Deep  Well  \'ertical  Turl)ine  "  pump  made  by  the 
P.\Ton  Jackson  Macliine  C()m])any.  of  San  i-'rancisco.  Califor- 
nia, is  a  multi-step  centrifugal  pnni])  and  erticicncics  ol 
])er  cent,  are  said  to  ha\e  been  obtained.  The  vertical  sliatt 
to  whicli  the  motor  and  ])nin])s  are  (HrectK'  connected,  is  en- 
closed in  an  inner  casing,  wliicli.  it  is  clainu'd.  protects  the 
bearings  I'roni  grit  i-arried  up  the  water.  If  large  wells 
were  adopted  in  ."^nllolk'  county,  there  would  be  ample  s])ace 
for  a  centrifugal  ])Uinp  of  this  t>pe.  ha\ing  Miriicienl  capacity 
for  the  pro])osed  de\-elopiiient . 
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THE  TURBINE  PUMP 

A  type  of  pump  of  the  turbine  or  impeller  type  has  been 
proposed  recently.  It  apparently  offers  some  economy  over 
the  centrifugal  pump  and  will  also  deliver  a  larger  volume  of 
water  for  a  given  diameter.  This  pump,  like  the  centrifugal 
pump,  is  placed  in  the  well  below  the  lowest  ground-water 
level;  the  water  is  drawn  in  and  forced  vertically  upward  by  a 
set  of  rapidly  revolving  vanes  or  impellers,  without  change  of 
direction.  The  Alvord  pump  is  one  of  this  type  and  efficien- 
cies of  43  per  cent,  have  been  obtained.  The  feature  of  this 
pump  is  the  device  for  balancing  the  thrust  by  the  pressure  of 
the  moving  water. 

A  promising  design  for  a  turbine  pump  is  that  submitted 
by  Air.  Robert  W.  Steed,  Mechanical  Engineer,  which  has 
recently  been  tested  at  the  Babylon  experiment  station.  A 
sketch  of  this  pump  is  shown  on  Sheet  70,  Acc.  L  670.  It 
was  designed  for  a  maximum  yield  of  two  million  gallons 
per  day,  which  proved  to  be  greater  than  the  capacity  of  the 
well  in  which  it  was  tested.  For  a  delivery  of  1.5  million 
gallons  per  day  and  a  speed  of  1200  revolutions  per  minute, 
an  efficiency  of  al)Out  45  per  cent,  was  obtained.  The  well 
yielded  much  sand  during  the  test  because  the  rate  of  pumping 
was  greater  than  that  secured  by  means  of  the  air-lift  with 
which  the  well  was  originally  cleaned  up.  lUit  for  the  sand 
even  better  results  would  doubtless  have  been  obtained.  The 
sand  cut  the  shaft  bearings,  and  the  clearances  in  the  ]:)ump 
and  subsequent  experiments  showed  that  this  reduced  the  effi- 
ciency. Slight  modifications  in  the  design  would  doubtless 
avoid  some  of  this  wear,  and  studies  should  be  made  to  this 
end.  If  the  gravel  filter  about  a  stovepipe  well  were  properly 
cleaned  uj)  and  all  the  fine  sand  removed  in  the  first  ])lace  by 
heavier  pumping  than  that  of  service  operation,  but  little  sand 
would  afterwards  be  obtained. 

PLUNGER  PUMP 

Some  grit  would  doubtless  be  obtained  from  any  well  that 
might  be  used  in  Suffolk  county  and  some  wear  would  take 
place  in  the  operation  of  even  the  most  carefully  designed 
pump.  More  depreciation  is  likely  to  occur,  however,  with 
pumps  of  the  centrifugal  or  turbine  type,  because  of  their  high 
spcerl  of  revolution  and  the  high  velocity  of  the  water  through 
them  than  with  a  pump  that  runs  more  slowly.     It  is  not 
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pleasant  to  speculate  on  the  damage  that  might  occur  to  a 
pump  and  motor  running  at  a  speed  of  1200  to  1500  revolu- 
tions per  minute  should  any  part  of  the  pump  wear  and  loosen, 
and  the  motor  be  allowed  to  run  without  attention  for  several 
hours.  A  pump  that  will  run  at  a  slower  speed  is  certainly 
desirable  and  studies  should  be  made  for  a  large  but  compact 
plunger  pump,  having  a  piston  speed  of,  say,  50  to  75  feet 
per  minute.  Pumps  of  this  type  on  the  market  are  driven 
through  a  train  of  gears  by  an  electric  motor.  For  the  Suf- 
folk County  works  a  pump  of  this  kind  could  be  geared  to  an 
induction  motor  and  the  speed  reduced  as  low  as  desired. 
Even  with  the  losses  incident  to  this  reduction  of  speed,  the 
high  efficiency  of  a  double  acting  plunger  pump  would  prob- 
ably be  sufficient  to  give  a  combined  efficiency  quite  as  high 
as  that  of  the  centrifugal  or  turbine  ])umps  direct  connected 
to  a  vertical  motor 

Pump  Efficienxy 

Whatever  type  of  pump  is  adopted  for  the  proposed  de- 
velopment, the  efficiency  should  not  be  less  than  50  per  cent, 
and  this  figure  has  been  adoi)ted  in  the  preliminary  estimates 
on  the  design  and  cost  of  the  pumi)ing  system. 

ESTJMA'l'KS  ()\   l-:Lh:(TRTCAE  PrMPlXG  SYSTEM 

BY  IIORAC  K  CARPENTER.  EUXTRICAL  EXGIXEER 

The  general  ])]an  of  tlie  projjosed  electrical  pum])ing  system 
woulfl  com])rise,  a  ]xjwer-station  located  on  the  water-front 
at  or  near  the  village  of  Patchogue ;  the  necessary  transmis- 
sion lines  extending  from  tliat  station  along  the  proposed 
aqueduct  and  connecting  to  various  substations  from  which  the 
power  would  be  distributed  to  individual  wells,  located  along 
this  line. 

The  location  r)f  the  substations  proposed  are  shown  on 
Sheet  71,  Acc.  P  671,  and  the  estimated  number  of  wells, 
the  average  and  maximum  yield  and  lift,  and  the  power  re- 
quired for  each  substation  estimated  at  the  engine  shaft  are 
presented  in  Table  26.  These  stations  and  the  sections  they 
oj)erate  are  grcniped  into  the  several  successive  developments 
that  are  proposed  for  the  Suffolk  County  works.  The  loca- 
tions of  the  sections  are  given  in  Table  25,  page  321.  The 
average  yields  given  in  the  first  three  stages  exceed  by  16 
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TABLE  26 

Output  of  Electric  Substations 


Average  Rate  of  Operation    Maximum  Rate  of  Operation 


Number 

Supply 

K.W.  Output 

Supply 

OF 

from 

of  Sub- 

from 

Wells 

this 

stations 

this 

Sec- 

in 

Section 

Average 

with  Total 

Section 

tion 

This 

in 

Lift 

Efficiency 

in 

No. 

Section 

Million 

in  Feet 

Engine  to 

Million 

Gallons 

Well  of 

Gallons 

Daily 

33.4  per  cent. 

Daily 

Average 

Lift 
in  Feet 


K.W.  Output 
of  Sub- 
stations 
with  Total 
Efficiency 
Engine  to 
Well  of  ' 
33.4  per  cent. 


FIRST  stage  OF  DEVELOPMENT  TO  GREAT  RIVER,  14.7  MILES 


Total.  Ill 


27 
24 
20 
9 

80 


27 
32 
30 
35 

30 


28G 
302 
236 
124 

936 


33 
35 
35 
18 

121 


41 
43 
45 
46 


530 
589 
619 
325 


ADDITIONAL  DEVELOPMENT  FOR  SECOND  STAGE  TO  SOUTH  HAVEN,  14.8  MILES 


16 
30 
32 

30 
13 


Total.  121 


164 
344 
330 
338 
152 

1,328 


16 
30 
30 
30 
13 

119 


290 
601 
614 
648 
283 

2,436 


ADDITIONAL  DEVELOPMENT  FOR  THIRD  STAGE  TO  QUOGUE,  18.9  MILES 


Total . 


18 
30 
30 
35 
35 

148 


13 
22 
12 
12 
12 


46 
47 
49 

52 
55 


235 
406 
231 
245 
260 


18 
30 
20 
20 
20 


54 
58 
60 
63 
66 


375 
685 
472 
496 
520 


71  49  1,377  108  .  .  2,548 

ADDITIONAL  DEVELOPMENT  FOR  FOURTH  STAGE  TO  PECONIC  VALLEV,  10.1  MILES 

50  45 


16   .50  30  30 

Transportation  to  Wcsthampton 


353 
840 


885 
1,050 


ADDITIONAL  DEVELOPMENT  FOR  FIFTH  AND  LAST  STAGE,  BRANCH  LINES 

Melville  Branch 


Total , 


Total 


Total 


62 


72 


79 


onnetquot  Branch 


Carman's  Branch 


60 


60 


60 


50 
110 


60 
90 


197 
1,730 


1,927 


353 
1 ,238 


1,591 


425 
1 ,020 


1,446 
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million  gallons  per  day  the  average  supply  of  250  million  gal- 
lons per  day  that  it  is  proposed  to  appropriate  for  New  York 
City.  The  remainder  might  be  required  for  the  future  supply 
of  the  local  population,  for  industrial  uses  and  for  the  main- 
tenance of  streams  and  ponds,  and  is  therefore  estimated. 

Central  Power-Statiox 

The  power-station  would  consist  of  the  main  power-house, 
the  auxiliary  coal  storage  and  the  machine-shop  shown  re- 
spectively on  Sheets  75  and  76,  Aces.  5344  and  5295.  All 
buildings  and  foundations  of  this  station  would  be  entirely 
constructed  under  the  hrst  development  of  the  aqueduct  and 
collecting  works  and  the  coal  storage  and  machine-shop  com- 
pletely equipped.  The  boilers,  engines  and  generators  would 
be  installed  as  required  by  the  various  developments  of  the 
collecting  works  and  aqueduct. 

The  full  boiler-house  equipment,  as  shown  on  Sheet  75, 
Acc.  5344,  would  comprise  five  batteries  of  water-tube  boil- 
ers, four  of  which  would  be  sufficient  to  furnish  the  maxi- 
mum of  recjuired  power,  one  battery  being  at  all  times  held 
in  reserve.  These  boilers  would  be  equipped  with  mechanical 
stokers,  economizers,  feed  pumps  and  an  ash  disi)osal  system, 
and  storage  would  be  provided  for  about  2500  tons  of  coal 
on  the  second  floor  of  the  boiler  room.  It  is  proposed  to 
locate  the  coal  storage  building  between  the  j^ower-station 
and  tlie  water-front,  so  that  coal  could  be  brouglit  to  it  either 
by  Ijarge  or  by  rail.  This  building  would  have  a  ca])acity  of 
10,000  tons,  and  would  l)e  e(|uippcd  with  a  belt  con\cyor 
system  for  delivering  the  coal  to  the  power-house. 

The  engine  room  would  be  ultimately  e(|uip])C(l  with  six 
1 ,500-T\.\\' .  turbine  engines  direct  connected  to  2200-V()lt.  60- 
CNcle,  3-])hase  generators,  hive  of  these  sets,  with  their  over- 
load caj)acity,  would  be  capable  of  handling  the  entire  station 
load,  leaving  one  set  in  reserve.  Excitation  for  these  gene- 
rators and  j)o\ver  ff)r  local  j)ur])oses  would  be  furnislied  by 
two  direct-current  turbo-generators,  and  one  motor  generator 
set.  The  easterly  end  of  tlie  power-house  would  be  devoted 
to  offices,  and  tlie  "  ^tep-up  "  transformer^,  liglitning  arresters 
and  oil  switches  for  liigh-\(  )]tage  transmission  would  be 
])laced  in  the  basement  of  tlie  westerly  end.  The  condensing 
app.'iratn-^  f<>r  the  tiir1)iiies  would  be  located  in  the  basement 
between  the  two  rows  of  turbines  as  shown. 
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The  machine-shop  could  be  built  adjacent  to  the  main 
power-house  at  any  convenient  point,  and  would  be  so 
equipped  that  all  necessary  repairs  for  the  entire  Suffolk 
County  system  could  be'  done  there. 

The  average  and  maximum  pumpage,  the  probable  maxi- 
mum power  output  and  the  equipment  provided  for  each  stage 
is  as  follows : 


Maximum  Maximum  Proposed'  Equip- 

YiELD  OF  Power  ment  at  this 

Stage  of                 Collecting  Required  at  Stage  Excluding 

Development                 Works  Engine  Shaft  Exciters 

Million  Gallons  K.W.  K.W. 


1   120  2,063  3,000 

2   240  4,499  6,000 

3   300  7,047  7,500 

4   300  8,500  7,500 

5   300  9,300  9,000 


The  cost  of  this  equipment  for  the  various  stages  of  de- 
velopment is  estimated  as  follows : 


COST  OF  POWER-STATION 


Totals 


development  1 

Foundations    

Buildings 

Power-house.  .   

Coal  storage  

Machine-shop  

Equipment 

2    f  Boilers,  stack,  economizers,  etc  

sets! Turbines,  generators,  transformers,  etc  

Coal  conveyors  

Machine  tools 


Engineering  and  contingLnciLS— 20  per  cent.  . 

development  2 


2  /Boilers,  economizers,  etc. 
sets \ Turbines,  generators,  etc. 


Engineering  and  contingencies  

developmknt 


1  f Boilers,  economizers,  etc.. 
set  \ Turbines,  generators,  etc. 


Engineering  and  contingencies  

develop.ment  4 


Xo  additions. 


1  /Boilers,  economizers,  etc. , 
set  [Turbines,  generators,  etc. 


development 


Engineering  and  contingencies. 


564,000 

421.000 
212.000 
25,000 

1  OS,  000 
]  24.000 
.-,.-,,000 
6,000 


$1,015,000 

2o:ioo() 


$1,218,000  $1,218,000 

§100,000 
115,000 


$215,000 

43.000 


$258,000  1,476,000 

S58.000 
50,000 


$108,000 

22,000 

$130,000 


S58.000 
50.000 


$108,000 

22.000 


1,606,000 
1,606,000 


$130,000 


$1,736,000 
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traxs:missiox  line 

The  power  transmission  line  would  be  a  double-circuit, 
3-phase,  22,000-volt  system,  supported  on  reinforced  concrete 
poles,  the  average  spacing  between  poles  being  300  feet. 
Wherever  practicable,  these  poles  would  be  equipped  with 
the  necessary  cross  arms  to  support  the  distribution  and  con- 
trol circuits  from  the  substations.  Those  parts  of  the  dis- 
tribution and  control  circuits  which  require  it,  would  be  sup- 
ported on  lighter  poles  spaced  150  feet  apart.  In  making  up 
the  estimates  of  cost  of  this  line,  it  has  been  assumed  that, 
as  each  development  is  made,  the  transmission  line  w^ould  be 
erected  the  entire  distance,  from  the  power-house  to  that  de^ 
velopment,  at  its  ultimate  capacity  in  cable,  so  that  as  addi- 
tional developments  are  made,  it  w^ould  be  unnecessary  to 
change  the  conductors  of  any  lines  already  erected.  This 
would  naturally  increase  the  cost  of  the  first  and  third  de- 
velopments over  what  that  cost  would  be  if  the  circuits  were 
merely  erected  of  the  capacity  necessary  to  serve  those  de- 
velopments ;  and  it  might  be  advisable  in  the  first  and  perhaps 
in  the  third  development  to  effect  some  economy  in  this  direc- 
tion, if  the  entire  system  w^ere  not  to  be  completed  for  some 
years. 

The  estimated  cost  of  the  transmission  line  is  as  follows; 


Total 

Development  1,  22.1  miles  

  ?11  S.OOO 

  21,000 

$142,000 

$142,000 

Engineering  and  contingencies  

66,000 

208,000 

Development  3.  15.8  miles. .  .  . 
Engineering  and  contingencies 

01,000 
19,000 

113,000 

321,000 

Engineering  and  contingencies  

  .n.ooo 

  0,000 

37,000 

358,000 

Rntjineering  and  contingencies  

  42.000 

  S,000 

50,000 

408,000 

DISTRIBUTION  SYSTEM 

l^or  the  ])urpose  of  (li>tril)uli()n  it  is  ])r()j)osc(l  to  install 
substations  at  points  shown  on  Sheet  71,  Acc.  L  ()71.  These 
stations  would  be  e(|iiipped  with  the  necessary  *'  step-down  " 
transformers  to  reduce  the  voltage  from  22.000  to  2,200.  and 
to  distribute  the  ])ower  to  each  of  the  wells  controlled  by  that 
])arliriilar  sn1)station.  in  such  a  manner  tliat  the  mot(^rs  at 
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each  well  could  be  started  and  stopped  independently  at  the 
substation.  For  this  purpose,  there  would  be  erected  at  each 
substation  site,  with  the  exception  of  Station  17,  a  building 
equipped  as  shown  on  Sheet  77,  Acc.  5299.  The  building 
and  equipment  for  Station  17  is  shown  on  Sheet  112,  Acc. 
5345.  This  would  be  larger  than  that  of  the  other  stations 
on  account  of  the  installation  of  four  centrifugal  pump  units, 
each  of  14  million  gallons  daily  capacity,  to  pump  the  Pe- 
conic  Valley  supply  against  75-foot  head  over  the  hill  located 
on  that  branch  of  the  aqueduct.  The  cost  of  these  substa- 
tions and  the  distribution  system  for  each  development  is 
estimated  as  follows : 


Total 


DEVELOPMENT  1 

4  Substations   S42,000 

Substation  equipment   68,000 

111  Pump-houses   89,000 

Pumping  motor  and  accessories   221,000 

Distribution  and  control  circuits   24,000 

$444,000 

Engineering  and  contingencies   89,000        $533,000  $533,000 

DEVELOPMENT  2 

4  Substations   $42,000 

Substation  equipment   61,000 

121  Pump-houses   97,000 

Pumps,  etc   244.000 

Distribution  and  control  circuits   19.000 

$463,000 

Engineering  and  contingencies   93.000  556,000  1,089,000 

DEVELOPMENT  3 

4  Substations   $42,000 

Substation  equipment   67,000 

148  Pump-houses   119,000 

Pumps,  etc   292,000 

Distribution  and  control  circuits   26.000 

•  $546,000 

Engineering  and  contingencies   109,000  655,000  1,744,000 

DEVELOPMENT  4 

1  Substation   $.5.5,000 

Substation  equipment   .50,000 

50  Pump-houses   40,000 

Pumps,  etc   96,000 

Distribution  and  control  circuits.  .    23.000 

$264,000 

Engineering  and  contingencies   .5.?, 000  317,000 

Deduct  for  pumps  at  Riverhead,  to  raise 
water  over  the  hill,  which  belong  to  trans- 
portation works   7.5.000 

242,000  1,986,000 

DEVELOPMENT  5 

3  Substations   $32,000 

Substation  equipment   68,000 

203  Pump-houses   165,000 

Pumps,  etc   430,000 

Distribution  and  control  circuits   44.000 

$739,000 

Engineering  and  contingencies   14S.000  887,000  2,873,000 
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Well  Equipment 

At  each  well  there  would  be  erected  a  small  piimp-house 
equipped  with  induction  motor,  control  board,  and  pump,  as 
shown  on  Sheet  79,  Acc.  5307.  Owing  to  the  variation  in 
the  capacity  of  the  wells  and  in  the  head  against  which  the 
pumps  would  operate,  the  motor  capacities  would  range  from 
15  to  50  H.P.  each. 

Telephone  System 

A  complete  telephone  system  is  proposed  for  the  entire 
system,  to  facilitate  its  operation.  The  cost  is  estimated  as 
follows : 


Total 


Engineering  and  contingencies  

$4,200 
  800 

$5,000 

$5,000 

l.GOO 

  400 

2,000 

7,000 

Engineering  and  contingencies  

,    ,  600 

4,000 

11,000 

800 

  200 

1,000 

12,000 

Engineering  and  contingencies  

2.500 
500 

3,000 

15,000 

Total  Cost 

The  total  cost  of  the  power-station,  transmission  and  dis- 
tribution, at  each  stage  of  development,  is  presented  in  the 
following  table : 


Totals 
Incli'ding 

Stage  of         Powfr  Trans-      Distribution       Tele-  Allowance 

DEVELOP-  HOTTSF  MISSION  EXCLUSIVE  PHONE  FOR 

MENT  iiuubt.  Line  of  Wells       System  Engineering 

and 

Conting  kncies 


1   $1,218,000  1142,000  $533,000  $5,000  $1,898,000 

2   1,476.000  208.000  1,0S9.(J00  7.000  2,780,000 

3   1.600.000  .321.000  1,714,000  11.000  3,682.000 

4   1.606,000  3")8.000  1,1)86.000  12,000  3,962,000 

5   1,736,000  408,000  2,873,000  15.000  6,032,000 


Vov  com])aris(>n  willi  the  cost  of  o])craling  the  proposed 
colk'cting  W(H-ks  with  other  i)unipiiig  sx'stems,  and  for  com- 
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parison  with  the  cost  of  pumping  at  the  existing  stations  of 
the  Ridgewood  system  of  the  Brooklyn  works,  estimates  have 
been  prepared  on  the  cost  of  power  from  the  electrical  sys- 
tem here  proposed,  considering  the  cost  of  labor,  fuel,  sup- 
plies, maintenance,  depreciation  and  an  allowance  for  interest 
and  sinking  fund. 

Cost  of  Labor 

The  estimated  number  of  employees  and  the  annual  pay- 
roll for  each  stage  of  development  are  as  follows : 


DEVELOPMENTS 


1 

2 

3 

4 

5 

Total 

Total 

Total 

Total 

Total 

Xo.  Salaries 

Xo. 

Salaries 

Xo. 

Salaries 

Xo. 

Salaries 

Xo. 

Salaries 

Chief  Engineer. 

1 

$3,000 

1 

$3,000 

1 

$3,000 

1 

$3,000 

1 

$3,000 

Assistant 

Engineer.  .  .  . 

1 

2.000 

1 

2,000 

1 

2.000 

1 

2,000 

1 

2,000 

Assistant 

Engineer  .  .  .  . 

1 

2,000 

1 

2,000 

1 

2,000 

1 

2,000 

1 

2,000 

Station  Chief.  . 

3 

5,400 

3 

5,400 

3 

5,400 

3 

5,400 

3 

5,400 

Switchboard 

men  

.3 

3.000 

3 

3.600 

3 

3,600 

3 

3,600 

3 

3,600 

Machinist  

2 

2,400 

2 

2.400 

4 

4,800 

4 

4,800 

4 

4,800 

Machinist's 

1 

7.50 

1 

7.50 

2 

1,.500 

2 

1.500 

2 

1,.500 

Enginemen  .  .  .  . 

4 

4,800 

4 

4.800 

7 

8.400 

7 

8,400 

7 

8,400 

Oilers  

3 

2,700 

3 

2.700 

4 

3,600 

4 

3,600 

6 

.5,400 

Blacksmith  .  .  .  . 

1 

1.3.50 

1 

1.3.50 

1 

1 .350 

1 

1,3.50 

1 

1,350 

Blacksmith's 

helper  

1 

900 

1 

900 

1 

900 

1 

1.3.50 

1 

1 .350 

2 

2.700 

2 

2,700 

2 

2.700 

1 

1,200 

1 

1,200 

1 

1.200 

2 

2,400 

2 

2,400 

Line  foreman..  . 

2 

2.400 

2 

2.400 

;{ 

3.600 

3 

3,600 

4 

4,800 

fi 

.5.400 

H 

7.200 

12 

10.800 

12 

10.800 

16 

14,400 

Water  tenders. . 

3 

2.700 

3 

2.700 

fi 

5,400 

6 

5.400 

9 

8,100 

() 

.5.400 

ft 

5.400 

8 

7,200 

8 

7,200 

10 

9,000 

SUBSTATIONS 

Operators               9     10. S)')     15     18.0r)t)    18       21.600    21  25.200  21  25,200 

Patrolmen              9       8.10:)     15     13, .500    18       16.200    21  18.900  21  18,900 

Totals...  S7  $66,350    71  $79,760    96  $105,250  103  $112,760  116  $123,850 


In  addition  to  the  above  an  additional  allowance  of  $1,000  per  mile  of  line  has 
been  made  in  final  summary  of  cost  of  operation  for  labor  on  repairs  and  maintenance 
of  well  system,  which  is  not  included  here. 


Cost  of  Co.\l 

The  cost  of  ])ower  generation  is  based  on  all  rail  an- 
thracite coal  al  Patchogue,  at  $5.10  per  long  ton  (tide-water 
coal  slK)uld  be  somewhat  cheaper  than  tliis  ),  and  a  boiler  and 
engine  duty  of  2.22  pounds  coal  per  brake  horse-power  hour. 
The  combined  efficiency  of  that  ])art  of  the  system  extending 
from  engine  ^liaft  to  water  in  each  well  is  estimated  as  33.4 
per  cent.    'Hie  jjercentages  of  efficiency  of  the  several  ])arts 
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of  the  system  on  which  is  based  this  combined  efficiency  are 
shown  below : 


Average 
Operation 
Per  cent. 


Generator   92 

Transformers   97 

Transmission   92 

Distribution   95 

Motors   90 

Pump   47.5 

Combined  efficiency   33.4 


Maximum 

Pl  MPAGE  OF 

System 
Per  cent. 


92 
97 
91 
92 
90 
50 


The  amount  and  cost  of  coal  required  for  the  average 
pumping  on  each  development,  including  water  for  all  local 
uses,  is  estimated  as  follows : 


Development 


Average  Amount  of  Cost  of 

PuMPAGE         Coal  in  This  Coal 

Million  Long  Tons  at  $5.10 

Gallons  2240  Pounds  Per  Ton 
Daily 


1   80 

2   1G5 

3   236 

4   2GG 

5   266 


11.000 

26,250 

42.250 

58.500* 

60.500* 


§56.000 
134.000 
2  Hi. 000 
300.000 
310.000** 


*A  consumption  of  10,000  tons  of  coal  at  the  central  power-station  is  estimated 
for  pumping  the  Peconic  Valley  supply  over  the  hill  to  Westhampton.  This  is  charged 
to  transportation  and  is  not  included  here 

**Estimate  assumes  that  branch  lines  would  on  the  average  be  operated  only 
one  year  in  ten 

M.MXTE.XAXCK   AND  SUPPLV 

The  yearly  maintenance  and  supply  expense  for  each  de- 
velopment is  taken  as  one  per  cent,  of  the  total  cost  of  that 
development. 

Ivx'i  k AoKDi  Rki'airs  .\xi)  l)i:i'Ri:(  i.\'nox 

The  depreciation  of  the  system  is  comi)Uted  in  detail  in 
llu'  final  suniiiiaries  of  cost  of  ihc  works.  The  ])crcenla^e 
allo\vance>  made  on  each  portion  of  the  works  aro  as  lollows: 
buildin.^s.  two  ])er  cent,  a  year;  e(pni)ment.  3.5  j)er  cent,  a 
year. 

T.WKS 

.\n  assessment  of  one  per  cent,  each  year  is  allowed  on  all 
land,  and  1.5  per  cent,  on  all  structures  alxn'e  ground. 
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Total  Cost  of  Operation 

In  Table  27,  the  several  items  of  operating  expense,  which 
have  been  estimated  above,  are  tabulated,  and  the  fixed 
charges  on  the  cost  of  the  works  computed.  From  the  total 
annual  expenditures  the  cost  for  each  million  gallons  pumped 
has  been  estimated  and  then  the  average  cost  per  million  foot- 
gallons.  These  costs  include  all  buildings  and  equipment, 
but  no  land  or  water  damages. 

Evidently  the  pumping  of  the  proposed  Sultolk  County 
supply  by  this  system  would  cost  from  $8  to  $10  per  million 
gallons,  and  the  cost  per  million-gallon  foot  would  range 
from  20  cents  to  33  cents.  The  cost  per  million  foot-gallons  on 
the  basis  of  operating  expenses  alone  without  depreciation 
would  be  only  11  cents  to  16  cents. 

Basis  of  Estimates  of  Cost 

The  details  and  unit  ])riccs  adopted  for  the  above  trans- 
mission and  distribution  lines  are  as  follows : 

Traxs.missiox  Eixe 


COST  PER  MILE  OF  POLE  LINE 

18  reinforced  concrete  poles  at  $140.00   $2, .520. 00 

108  2.. 500-V  Insulators   "         .fiO   64.80 

108  pins   '•         .40   4.3  20 

Stringing  cables                                                                    275.00  $2,903.00 

COST  PER  MILE  OF  DOUBLE  CIRCUIT 

20,400  pounds  Xo.  0000  copper  cable  at  $0.17^   3. .580.00 

16.200       "      Xo.  000                                .1714   2.820.00 

12.700       "      Xo.  00                                  .17^   2.240.00 

10.100       "      Xo.  0                       •     •■       A714   1.770.00 

8,000       "      Xo.  1                       ■     •■       .17'.^   1,360.00 

4.000       ••      Xo.  4                                    .17'^   700.00 


MILES  OF   LINE   ERECTED   UNDER   EACH  DEVELOPMENT 

i  9.7  miles  Xo.  0000  cable 

Development!  ^0.3     "  Xo.  0 

13.1     "  Xo.  4 

2   8.5     "  Xo.  0000  " 

'7.6     "  Xo.  0000  " 

;   \4        "  Xo.  000 

'  4.2     "  Xo.  00 

4   6        "  Xo.  00 


3  "  Xo.  0 
.1  3.4  "  No  1 
(  3.8     "     Xo.  4 


COST   PER  MILE   OF  DOUBLE  CIRCUIT 


950  pounds  Xo.  8  Monnot  wire  at  $0  14'^   .S138.00 

72  insulators  and  pins               "    .04    2.80 

Erection   50.00            190  80 

PUMP-HOUSES 

44.2  cubic  yards  concrete  at  $15   .S663.00 

1  Manhole  cover   100.00 

Door  and  incidental  fittings   45.00  808.00 
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PUMP-HOVSE  EQUIPMENT 

Pump,  casing  and  shaft,  bearing  and  elbow  complete..  800.00 

13-foot  6-inch  pipe   12.00 

1  meter   37o.00 

1  stop  valve   20.00 

1  gate   40. 00 

Installation,  wiring  and  incidentals   200.00  1,447.00 

FOR  MOTORS  AND  CONTROL  ADD: 

50-H.P.  motors   SOOO.OO 

35    ••         ••    750.00 

20  and  25-H.P.  motors   575.00 

10    ••    15    ••         "    -175.00 


Distribution  Line 


COST  OF  POLE   LINES   PER  MILE 

40  reinforced  concrete  poles  at  $35   $1,400.00  1,400.00 

COST  OF  DOUBLE   CIRCUIT  PER  MILE 

3,200  pounds  Xo.  5  copper  wire  at  $0.1(53^   $528.00 

108  insulators  and  pins   10.00 

Erection   l.jO.OO  688.00 

AVERAGE  COST   OF  CONTROL    CIRCUIT   PER  MILE  PER  WIRE 

105  pounds  Xo.  12  copper  wire  at  SO.  16 .4   $17.00 

18  insulators  and  pins   3.00 

Erection   13.00  33.00 


Engineering  and  Contingencies 


To  the  above  prices  there  has  been  20  per  cent,  added  for  engineering  and 
contingencies. 


AIR-IJPT  .SVSTKAr 

I'V)r  comparisnn  with  tliu  u>l:nialus  on  a  system  of  clcc- 
tricalK-  drix'uii  ])iiin]),s.  made  l)y  Mr.  C"ar])uiitci-,  a  l)riut  study 
lia>  l)L'un  made  of  an  air-lift  swstcru  oi)erated  from  eom])ressor 
slati(jns  al  intervals  of  S  to  10  miles  alon,^-  the  projiosed  a(|ne- 
(hict.  There  i>  little  to  i'uide  one  in  de.sii^nin,*;'  an  air-lilt  sys- 
tem fur  \vork>  of  the  ma.^nitnde  of  ihti^e  jiropo^ed  in  .^nllolk 
coiinlN' ;  the  preliminar\-  sindius  do  not  eiieouraL^e  a  more 
extended  invi'^ti.tj^ation.  It  i>  helieved  that  the  preliminarv 
designs,  on  whieh  estimates  of  cost  herewith  ^i\i'n  are 

based,  are.  on  the  whole,  reasonable  and  that  the  results  are 
siifticienlly  accurate  for  ])resent  purpose^. 

(  o  \  |  I'KI-.SSi  )K    S  r  \llo\S 

The  Iocali«tii  of  the  pro])osed  C(  )inpi'ess(  »r  siaiiiius  ;ire 
shown  on  .shcH-t  72,  Arc.  L  (•il.  .^even  stations  are  laid  «»ut. 
Station.  1  to  4  would  he  located  on  the  .Monlauk  division  of 
the  I -ou"^  Island  railr«»ad.  where  coal  could  readil\  he  deliv- 
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TABLE  27 

Cost  of  Operation 


Development 


Item  

1 

Total  cost  of  works  at 
each  stage  of  develop- 
ment  $1,898,000 

Average  daily  pumpage, 
million  gallons,  includ- 
ing water  for  local  uses.  80 

Total    annual    yield  of 

works  in  million  gallons  29,200 

ANNUAL 

Operating 

Labor   $05,350 

Coal   50,000 

Maintenance  and  Sup- 
plies  18,980 

Total  operating  cost,  ex- 
clusive of  depreciation ,  $140,330 

Extraordinary  repairs  and 

depreciation   I7.^l'^ll 

Total  cost  of  operation.  .  $188,310 
Cost    of    pumping  per 

million  foot-gallons.  .  .  0.2121 

Fixed  Charges 

Taxes  and  special  as- 
sessments  $11,720 

Interest  at  4  per  cent..  75.920 

Sinking   fund,    '.i  per 

cent.,  in  50  years.  .  .  lO.SIO 

Total  fixed  charges   $104,480 

Total  annual  expenses, 
fixed  charges  and  oper- 
ating cost   $292,790 

Cost  per  million  gallons..  10.02 

Average  lift  in  feet   •'{().  t 

Cost  per  million  gallons 

raised  one  foot   $0,330 


$2,780,000    $3,682,000    $3,902,000  $5,032,000 


165  236 

00,225  86,140 

CHARGES  ON  WORKS 

$79,750  $105,250 

134,000  210,000 

27.800  30,820 

$241,550  $358,070 

$320,040  $468,630 

0.1518  0.1384 


$12,920  $14,520 
111.200  147.280 


2}.(;(i()  32.060 
$148,780  $194,460 


266  260 

97,090  97,090 

$112,750  $123,950 

300,000  310,000 

39,020  50,320 

$452,370  $484,270 

1     ).('.fi(  I  Kil.O'.tl) 

$573,030  $645,360 

0.1545  0.1021 


$15,220  $10,140 
158.480  201,280 


35,140  44,030 
$208,840  $262,050 


$468,820       $663,090       $781,870  $907,410 


$7.78  $7.70 
35.0  39.4 


$8.00  $9.35 
38.2  41.0 


$0,223 


$0,190 


$0,211 


$0,228 
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ered  to  them,  and  Stations  5  to  7 ,  for  the  same  reason,  would 
be  placed  near  the  ]\Iain  line  of  this  railroad. 

Stations  1,  2  and  3  would  be  near  the  junctions  of  the 
Ijranch  lines  ;  the  first  two  could  furnish  air  for  the  lower  por- 
tions of  the  Melville  and  Connetquot  branches ;  the  last  sta- 
tion, 3,  might  operate  the  entire  Carman's  branch,  as  well  as 
the  wells  either  side  of  these  stations  on  the  main  line.  Sta- 
tion 4  would  i)rovide  ]X)wer  for  the  easterly  ])ortion  of  the 
main  line,  and  Station  5  the  collecting  works  in  the  Peconic 
valley.  At  the  latter  statical,  there  would  also  l)e  an  ecjuip- 
ment  of  centrifugal  pumps  for  lifting  the  Peconic  A'alley 
supjdy  over  the  hill  to  the  south  shore  af|ueduct.  Stations  6 
and  7  are  proposed  on  the  u])per  portions  of  the  AFclville 
and  Connetquot  branches  respectivel\-,  where  the  lifts  are 
higher  and  the  air  pressures  greater  than  on  the  westerly 
portion  of  the  main  line. 

For  purposes  of  estimate,  a  compressor  unit  of  500  11. P. 
has  been  assumed  for  these  stations.  This  is  larger  than 
commonly  used  in  this  country,  l)ut  the  proposed  stations 
would  be  large  permanent  ])lants,  not  temporary  construction 
\v()rk>>,  nor  small  stations  in  which  air-compressors  are  ordi- 
naril\-  installed.  (  )ne  compressor  unit  over  and  above  the 
e(|ui])ment  for  maxinuim  capacity  has  been  added  at  each 
station  for  reserve. 

The  total  length  for  collecting  works  operated  from  each 
of  these  compressor  stations,  the  maximum  pum])age  and  lift 
and  the  total  horsc-])ower  of  the  e(|ui])mcnt  at  eacli  static^n, 
are  presented  in  Table  28. 

1  N)\vi:r  Traxsm  issiox 

h^'om  each  C()m])ressor  station  on  the  main  line  il  is  ])ro- 
])o>ed  to  ]a\-  two  parallel  air  mains  lo  llic  welU  on  cither  side, 
each  of  which  would  can-y  suflicicnl  air  w  ith  a  >talion  ])ressure 
of  60  ])oun(P  per  s(|nart'  inch  to  opcTatc  the  wells  in  the  sec- 
tion serw'd  at  tlieir  ax  t'ragc  rate  of  ])unipagc.  (  )r(linarily  only 
one  of  ihcM'  t\\  M  parallel  pipc>  would  be  in  actix'c  u-^c  ;  the 
other  would  \)c  under  greatei'  pressure  lor  the  ])nrpose  ot 
starling  a  w  e-11  <•]-  in  m-der  to  pnnip  a  few  of  tlu-ni  somew  hat 
deeper  than  others.  The  seeond  would,  therefore,  be  in  re- 
serve and  conld  be  n-rd  wlu  ii  repairs  were  being  made  lo  the 
other.  raising  the  ])rl•s>^nre  in  both  lines,   snirici(,'nt  air 

could  be  deli\i"re(l  to  t'le  wc-lls  of  any  seetion  for  ilie  maxiimnn 
pnmpage. 
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TABl.E  2S 

AlR-LlFT  Eql  ipme.xt 


Total 
Volume  Re- 
Total     Maximum                   quired  of  •  Corres-  Total 
Station     Length     Yield  in   Maximum  Free  Air  in  "  pondinc;  Horse- 

OR             of         Million     Lift  in    Cubic  Feet  %  Horse-  power  of 

Section     Section     Gallons       Feet      per  Minute  power  Eqi  ipment 

Number    in  Miles      Daily                        at  Each  at  Each  Including 

Successive  Stage  Reserve 
Stage 


FIRST  stage,  NASSAU  COUNTY  TO  GREAT  RIVER 

1                         12.48            103  43             20.000              3,000  4.000 

2                          2.22              I  S  40               1,7.")()                 (110  ]  .'lOO 

Total...       14.70           121  44            31,250              4,200  5,500 

ADDITIONAL    SECOND  STAGE,    (IREAT    RIVER    TO    SOUTH  HAVEN 

2                         13. .")f;            10()  .■)]             2<».S10              4.000  4,000 

3                           1.2S              ]:i  .■)(;              3, !»<)()                 .").")()  l.oOO 

Additional.       14.84           119  52            33,800              4,550  5,500 

ADDITIONAL    THIRD    STAGE,    SOUTH    HAVEN    TO  QUOGUE 

3                          •»..">3              (IS  .-)7             20.320              2.7.")0  2,oOO 

4                           '.km;              }()  C.l             12,(>40               1.7.")0  2.0OO 

Additional.       18.89           108  60            32,960              4,500  5,000 

ADDITIOXAI,    FOURTH     SrA(;iC,     PICCONR"     VAl.I.KV  UKANtll 

0                          1.2  s              .')()  4.')             13,200               1,S00  2..^()0 
ADDITIONAL   FIFTH    STAGE,    BRANCH  LINES 

0                   <;.(i3          40  no         iti.joo          3,000  3.500 

7                           7.;)o             3')  !(()             13,120              2,400  3,000 

3                            It. .37              32  SO              11.100               2,100  .3.000 

Additional        23.95           107  90            40,920              7,500  9. COO 

Total...        76  66            ...  ...           152,130             22,550  28,000 
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The  air  mains  on  the  branch  Hnes  would  Hkewise  be  in 
diiphcate,  but  each  would  be  sufficient  for  the  maximum  pump- 
age  of  the  system.  The  two  mains  would  be  placed  in  one 
trench  well  below  the  frost  line  to  avoid  freezing.  The  air 
mains  have  been  designed  on  the  usual  formulae  for  flow  of 
air  in  pipes.  In  no  case  would  a  velocity  of  30  feet  per  sec- 
ond be  exceeded,  and  the  average  delivery  of  the  system 
would  not  require  a  greater  velocity  than  20  feet  per  second. 
The  greatest  distance  over  which  air  would  be  transmitted  in 
these  estimates  is  about  eight  miles,  which  is  well  within  the 
distances  used  in  natural  gas  practice.  Xo  allowance  has  been 
made  in  the  estimates  for  loss  of  air  in  transmission  :  expe- 
rience in  the  natural  gas  fields  in  western  Pennsylvania 
indicates  that  the  loss  of  gas  through  the  leakage  of  the  high- 
pressure  lines  is  very  small  when  the  pipes  are  properly  laid. 

The  number  of  wells  is  estimated  as  in  electrically  operated 
pumping  system,  page  335. 

Pumping  Units 

On  Sheet  73,  Acc.  L  622,  is  a  study  of  a  pumping  unit  for 
a  large  stovepipe  well.  This  shows  the  arrangement  proposed 
for  the  casing,  the  air  mains,  valves  and  connections,  also  the 
chamber  for  removing  the  air  discharged  with  the  water,  the 
enclosing  manhole  and  the  connections  to  the  acjueduct. 

Tt  should  be  noted  that  except  for  the  valves  and  the 
meter,  there  are  no  moving  parts  in  this  unit  to  get  out  of 
order,  and  that  the  depreciation  would,  consequently,  be  small. 
The  manhole  covers  should  be  water-tight  at  the  ground  line 
and  arranged  so  as  to  be  securely  locked.  The  ventilator  is 
necessary  to  permit  the  air  from  separating  chamber  to  escape 
to  the  atmosphere. 


Co.sT  OF  Pumping  System 

The  total  cost  of  an  air-lift  system  for  each  stage  of  de- 
velopment is  given  in  the  table  below: 


Development 

Estimated 
Cost 

Allowance  for 
Engi.neering 

AND 

Contingencies 
20  Per  cent. 

Additional 

FOR  THIS 

Development 

Totals 

1  

$790,060 

$1.')9.212 
18.5..372 
16.3.242 
88.896 
323,812 

$9.5.5,272 
2. 06 7,. 504 
3.046.956 
3,. 580,332 
5,523,204 

2  

4  

920.800 
816.210 
44MSO 

$1,112,232 
979.4.52 
.533.376 
1,942,872 
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Cost  of  Operating  Works 

The  annual  expenditures  on  the  air-hft  pumping  system, 
on  the  completion  of  the  fourth  stage  of  development,  are 
estimated  in  the  table  below.  The  operating  cost  is  based  on 
the  proposed  average  delivery  of  the  works  of  266  million  gal- 
lons per  day.  on  an  average  lift  of  40  feet,  which  would  re- 
quire 9,000  H.  P.  at  the  compressors,  a  slightly  greater 
lift  than  the  average  for  the  electrical  system,  to  allow  for 
head  lost  in  separating  air  and  water  before  the  discharge  into 
the  ac|ueduct. 

COST  OF  OPERATION  AT  FOURTH  STAGE  OF  OPERATION 


OPERATING 

Power  cost,  9,000  x  $(io   $585,000 

Line  cost,  estimated  52.7  miles  x  $1.000   52,700 

Extraordinary  repairs  and  depreciation   132,400 

Total   $770,100 

Cost  per  million  foot-gallons   $0.20 

FIXED  CHARGES 

Interest  on  $3,580,332  at  4  per  cent   $143,200 

Sinking  fund,  50  years,  at  3  per  cent.  (0.887  per  cent,  per  year), 

on  $3,580,332   31,800 

Taxes  and  special  assessments   0.270 

Total  fixed  charges   $178,900 

Total  annual  expenditures,  fixed  charges  and  operating 

expenses   $949,000 

Total  cost  per  million  gallons  ("305  x  260  =  $97.090) ....  $9.78 
Total  cost  per  million  foot-gallons  on  average  lift  of  40 

feet   .25 


Basis  of  J^sti.m.\tes 

There  i.^  little  published  data  on  the  efficiency  of  the  air- 
lift system,  and  much  of  the  experiments  available  have  been 
made  on  smaller  wells  than  those  proposed  for  the  Suffolk 
County  works.  On  Sheet  74,  Acc.  L  672,  is  plotted  the  results 
of  some  experiments  on  the  amount  of  air  necessary  to  pump 
a  gallon  of  water  one  foot  high.  The  curve  taken  from  a 
piib]i>hed  pamphlet  ol'  the  I'acon  Air  fjft  Company  ap]:)ears 
tf)  be  reasonable  in  view  of  the  results  obtained  by  this  Board 
at  the  liabylon  experiment  station.  It  should  be  noted,  how- 
ever, that  the  (|uantities  of  air  per  minute  in  this  diagram 
corresponding  to  a  gallon  of  water  represent  the  results  ob- 
tained by  the  best  regulation  of  the  air  supply,  and  equally 
good  results  are  not  given  by  other  authorities.  The  efficiency 
naturally  falls  off  when  a  greater  air  pressure  than  that  for 
the  best  efficiency  is  used.  This  is  most  important,  because  it 
would  hardly  be  possible  in  a  system  comprising  a  large  num- 
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ber  of  wells  of  different  depths,  extending  four  to  five  miles 
either  side  of  a  compressor  station,  to  regulate  the  pressure 
at  all  wells  so  as  to  secure  the  best  economy.  A  higher  pres- 
sure than  that  corresponding  to  the  best  economy  would  prob- 
ably be  maintained  in  order  to  avoid  interruption  in  pump- 
ing through  momentary  reductions  in  pressure. 

For  these  estimates,  a  line  has  been  assumed  on  this  dia- 
gram more  in  agreement  with  other  experiments.  This  line, 
which  happens  to  fall  on  the  Alameda  observations,  is  20  per 
cent,  in  excess  of  the  Bacon  air-lift  curve;  this  margin  is  pro- 
vided in  order  to  secure  a  reasonably  safe  basis  for  the  esti- 
mation of  the  actual  amount  of  free  air  that  would  be  neces- 
sary in  practical  operation  of  a  large  plant. 

Efficiexcv  ok  Air  T.ift 

Neglecting  for  the  moment  the  lo.^ses  that  occur  in  the 
mains  and  in  the  control  valves,  it  is  of  interest  to  see  what 
power  is  re(|uired  to  compress  the  amount  of  air  shown  in 
this  curve  as  necessary  to  lift  one  gallon  of  water  per  minute 
thrcnigh  a  hight  of  40  feet  (=0.36  cubic  foot  per  minute), 
assuming  suljuiergence  of  1.5  times  the  lift,  or  60  feet,  and  to 
compare  this  with  theoretic  power. 

To  compress  one  cubic  foot  of  free  air  adialiatically  to  the 
])ressurc  corresponding  to  this  sul)mergence,  2()  i)ounds  per 
square  inch  re(|uire  0.0763  II.  I',  and  0.36  cubic  foot  re(|uires 
0.0274  TT.  W  'ilie  theoretic  pow  er  necessarv  to  raise  one  gallon 

0.0101 

of  water  40  feet  is  0.0101  II.  \\  and  the  efhciencv  is 

0.0274 

=  37  per  cent.  If  il  re(|uires  2.3  ])oun(ls  of  coal  for  1-11.  V. 
hour,  the  duty  of  air  lift  on  the  above  l)asis  would  be  2^),000.000 
foot-pounds  per  100  pounds  of  coal. 

This  efficiency  is  ])rol)ably  seldom  (.-xcccdrd  in  practice. 
The  best  efficiency  of  any  air-lift  system  in  llie  \icinity  of 
Los  .\ngeles  was  i)laced.  when  first  installed,  at  3."^  ])er  cent, 
and  most  plants  run  at  more  nearK  2?  per  cent,  etliciency. 
The  air-lift  plant  at  oni-  of  the  grMund-w aler  stations  in  the 
liorough  of  (juei'us  gave  a  dut\  of  v30,000,000  foot-pounds 
])er  HK)  pounds  of  coal  when  lirsi  tested,  but  is  now  rumiing 
at  dnt\  of  about  2().00().0()0  foot-])oun(N,  which  t-orresponds 
to  an  elVu-iency  of  20  to  2?  pi-r  cent. 
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The  total  efficiency  of  the  system  estimated  in  this  report, 
with  all  the  losses  in  the  transmission  and  distribution  of  the 
air,  is  about  20  per  cent.,  and  considering  the  difference  in 
conditions  of  yield  and  lift  in  wells  on  a  line  of  four  miles  in 
length,  there  is  small  chance  of  a  larger  efficiency  than  this. 

COMPARISON  BETWEEN  THE  ELECTRICAL  PrMP- 
ING  SYSTEM  AND  THE  AIR-LIET  SYSTE:\I 

The  total  cost  of  the  air-lift  system  estimated  here 
is  somewhat  less  than  that  of  the  electrical  pumping 
system,  but  the  lower  efficiency  of  the  air-lift  makes  the  total 
operating  cost  of  this  system  the  larger.  The  comparison  of 
the  annual  charges  on  the  two  systems  at  the  completion  of 
the  fourth  stage  of  development  is  as  follows : 


Total 

Corre-      Total  Cost 

Cost 

SPONDiNG     OF  Pumping 

Total 

Total 

OF 

Total      per  Million- 

Pumping 

Operating 

Fixed 

Annual 

Water 

Cost  OF  Foot-Gallons 

System 

Expenses 

Charges 

Expendi- 

PER 

Pumping  exclusive 

tures 

Million 

per  Million   of  Fixed 

Gallons  Foot-Gallons  Charges 

Electrical.  .  . 

$208,840 

$781,870 

$8.  Of) 

$0,211  SO.loo 

Air-lift 

770.100 

178.900 

949.000 

9.78 

0.25  0.20 

The  operation  of  the  air-lift  system,  therefore,  would  be 
20  per  cent,  more  expensive  than  the  electric  pumping  sys- 
tem. 

'ilie  air  lift  would  per]iai)s  liave  one  advantage  in  aerating 
the  sup])ly  at  each  well,  should  it  be  necessary  to  filter  any 
portion  of  the  Suffolk  County  water.  It  does  not,  however, 
appear  necessary  to  treat  these  waters,  as  there  is  not  at 
j)resent  sufficient  iron  in  the  su])])!)'  as  a  whole. 

Possibly  a  higher  efficiency  could  be  secured  with  the  air- 
lift system  than  estimated  in  this  report,  and  perhai)s  a  more 
economical  arrangement  of  compressor  stations  and  well  units 
could  be  made,  but  there  is  no  warrant  in  the  data  now  a\ail- 
able  to  increase  the  estimates  on  efficiency  thai  ha\e  been 
adopted.  There  is.  however.  e\-ery  jX)ssibilit\-  that  a  better 
efficiency  luay  be  obtained  with  sonu'  centri fui^al  or  i)lunger 
[)uni])  that  would  perhaj)s  niaki>  the  total  continued  elficiency 
of  the  electrical  system  at  least  40  per  rent,  instead  of  33  per 
cent,  as  estimated. 
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APPENDIX  7 

UTILIZATION   OF   FLOOD   FLOWS   OF  SURFACE 

STREAMS 

BY  WALTER  E.  SPEAR,  DIVISION  ENGINEER 

Sheets  8,  9  and  10,  Aces.  L  609,  L  610  and  L  611,  show 
that  the  flow  in  the  smaller  Suffolk  County  streams,  is  fairly 
constant  throughout  the  year ;  those  which  have  an  average 
discharge  on  the  proposed  line  of  collecting  works  of  not 
more  than  four  million  gallons  per  day  might  in  course  of  time 
entirely  disappear  on  the  line  of  the  works  for  most  of  the  year 
through  the  pumping  of  the  wells  designed  to  intercept  the 
ground-waters,  just  as  small  watercourses  in  Nassau  and 
Queens  counties  ha\'e  been  dried  u})  through  the  o])eration  of 
the  wells  and  galleries  of  the  Brooklyn  works.  There  would, 
therefore,  be  but  little  loss  of  surface-water  in  these  smaller 
streams,  and  infrequent  flood  flows  that  occur  in  them  when 
the  ground  surface  is  frozen  could  be  profitably  wasted. 

Jt  should  be  realized  that  the  location  of  the  jH-oposed  col- 
lecting works  well  back  from  the  shore,  crosses  the  smaller 
streams  where  much  of  the  flow  that  appears  in  their  lower 
courses  is  still  in  the  ground  beneath  them.  Table  5,  page  113. 
shows  that  all  these  smaller  streams,  with  the  exception  of 
Sampawams  creek  had.  in  1907,  average  flows  from  one  to 
four  million  gallons  ])er  daw  and  the  maximum  discharges  for 
short  periods  were  l)ut  little  in  excess  of  these  figiu'cs.  Such 
portions  of  the  How  of  these  streams  that  are  not  intercepted 
would  serve  to  maintain  the  pouds  below  and  would  thus  avoid 
the  ex])ense  of  j)umj)ing  to  keep  these  tilled  if  this  became  nec- 
essary. The  amount  of  water  lost  by  t"ailure  to  intercept  all 
{]]]<  snr face-water  would  be  com])arali\el\'  insignificant. 

In  the  larger  streams,  C^arll's  river,  Connet(|Ui)t  brook, 
I'atc-hogiie  ri\'er,  ("arnian's  rix'er  and  Teconic  river,  the  tlow 
is  less  uniform  than  in  the  smaller  streams;  large  discharges 
take  place  in  the  winter  and  s])ring  months  that  could  not  be 
collected  by  the  work-.  ])laniie(l  to  interct-pt  the  gronnd-w  ater 
underflow.  .'iltb<»ngh  the  collecting  works  of  the  1)ranch  a(|ue- 
dncts  that  parallel  .ill  these  streams  except  the  Patchogue 
river  conid  i-c;idily  ^ii-nn-  most  of  tlii-ir  dry  weather  flow, 
if  it    wen-  ] x-rini ssible  to  do  so.     The  flood   flows  of  these 


FLOOD  FLOWS  OF  SURFACE  STREAMS 


361 


larger  streams  over  and  above  the  amount  necessary  to  main- 
tain the  pond  levels  on  these  watercourses,  or  the  amount  of 
water  in  excess  of  the  utilized  discharge  of  these  streams,  are 
of  no  value  to  Suffolk  county,  and  should  so  far  as  possible 
be  appropriated  and  delivered  to  New  York  City. 


AMOUNT  OF  SURFACE  WASTE 

The  amount  of  surface-water  that  might  have  been  appro- 
priated during  the  year  1907  from  the  streams  on  the  pro- 
posed line  of  the  collecting  works  is  shown  below.  The  rain- 
fall last  year,  in  southern  Suffolk  county  was  but  little  below 
the  normal,  and  these  flows  give  a  fair  idea  of  what  may  be 
safely  expected  in  an  average  rainfall  year. 


Discharge  of  Stream 

IN  1907  OS  Line  of  Probable 

Collecting  Works  Average  Probatsi.e 

 .   Surface  Waste  Undeveloped 

Normal  After  Surface-Water 

Average    Maxi-      Low  Providing  5  Available 

in         mum    Summer  Million  Gallons  after  Ground- 

Million    Million     Flow  Daily  for  Water  Works 

Gallons   Gallons    Million  Ponds  and  in  Operation 

par  day     Daily     Gallons  Local  Needs 
Daily 


Carll's  river   17.20  :i2  10  10  o 

Connetquot  brook   32.70  42  2.5  2n  20 

Patchogue  river   0.43  lo*           S**  .5  3 

Carman's  river   3fi.20*  .50*  20  2.5  22 

Peconic  river   H.C..5  27             .5  10  0 

Total   110.18  166  68  75  60 


♦Estimated  from  incomplete  gagings 
**Half  of  waters  of  Patchogue  river  owned  by  Patchogue  lace-mill  and  the  flow 
in  next  column  allowed  for  their  uses 

On  the  basis  of  the  gagings  of  1907,  a  total  average  dis- 
charge of  75  million  gallons  per  day  could  have  been  taken 
from  these  streams  without  damage  to  local  interests.  Prolj- 
al)!}',  2.^  million  gallons  or  more  ])cr  da\-  could  be  obtained  by 
the  gr(;un(l-water  pum])ing  works  of  the  main  line  and 
branches,  leaving  50  million  gallons  in  the  streams  to  be  se- 
cured by  s])ccial  w(jrks.  This  undeveloped  run-olT,  during 
an  average  rainfall  year,  would  be  c(|uivalent  to  a  discharge 
of  150.000  gallons  per  flay  per  scpiare  mile  from  the  whole 
watershed.  I^\en  during  the  long  periods  of  low  rainfall, 
])robably  as  much  as  75,000  to  100,000  gallons  per  day  per 
sr|uarc  mile  would  be  lost,  unless  works  were  built  to  utilize 
it.  The  safe  unit  \ield  of  the  Siiffr)lk  County  watersheds  is 
not  estimated  at  more  than  80r).f)00  gallons  i)er  da\'  ])er  s(|uare 
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mile,  so  that  this  surface  waste,  amounting  to,  perhaps,  one 
to  two-tenths  of  the  assumed  unit  yield,  is  too  large  a  per- 
centage to  be  neglected. 

The  development  of  these  waste  surface-waters  during 
the  winter  and  spring  months,  when  the  percolation  from  the 
rainfall  is  high,  would  allow  the  pumpage  from  the  remainder 
of  the  collecting  works  to  be  diminished  and  the  ground-water 
reservoirs  replenished  for  the  draft  of  the  drv  months  of 
summer  and  fall. 

ri  Rll-lC  A  ri(  )\    (  )!•    SI  RFACE-W'ATI'RS 

Even  though  many  j^ortions  of  the  Suttolk  County  drain- 
age areas  are  now  but  sparsely  populated,  it  would  be  very 
unwise,  in  view  of  the  pollution  of  many  of  the  surface- 
waters  of  tlie  Ridgewood  system  in  Queens  and  Nassau  coun- 
ties, to  ])ermit  any  surface-water  to  enter  the  proposed  acpie- 
duct  without  purification.  This  purification  could  be  most 
clieaply  and  surely  effected  by  the  process  of  natural  iiltra- 
tion  through  the  bottoms  of  reservoirs  or  tiltration  basins, 
which  would  be  created  on  these  larger  streams,  and  about 
which  wells  would  be  driven  to  deliver  the  surface-water  to 
the  a(|ueducl  as  "  artificial  ground-water."  These  inliltration 
basins  would  have  sufficient  storage  caj)acity  to  impound  the 
largest  llood  (bscharges  until  lliey  l)e  purified. 

( iuoi  ND-W  .\'i  i:k  I'i.wts  .\i:.\k  ."^i  ki  acf.  Stkkams 

.^uch  a  (leveloi)meiU  of  surface-water  is  common  in  this 
rountry  and  abroad;  in  fact,  the  inliltrati(Mi  galleries  l)elo\v 
the  W'antagh  and  Massape(|ua  supply  ponds  of  the  r.rooklyn 
uorks.  secure  a  portion  of  their  suppl\-  througli  the  bottom 
and  sides  of  the  ponds  al)()ve  them,  and  several  drixen-well 
stations  of  the  same  system  derive  >ome  >ur face-water  from 
similar  soiu'ces. 

Maii\  of  the  so-called  grotmd-water  plants  in  Cierman\-. 
wliitli  are  located  near  ])onds  and  streams,  secure  a  part  ol 
their  Mip])l\-  from  tliese  surface-waters.  '\\\\^  is  tine  of  the 
works  at  I'.erlin  (  Tegeler  .See  ),  ( 'harlottenburg  (  W  anusee  ) . 
Dresflen.  Augsburg.  W  iesbaden,  I  lanover  and  elsewhere.  The 
experieiu'e  gaineil  at  thi'se  (  lerman  \\<»rks  is  mo>t  helpful  in 
designing  the  i)roposed  inliltration  basins  for  the  .Suffolk 
CoinitN-  works.    Tn  the  table  following  is  shown  some  in  forma- 
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tion  regarding  seven  representative  German  ground-water 
plants  that  draw  their  supply  in  part  from  surface-waters. 


Distanxe 

Depth 

Depth  of 

FROM  WeI.LS 

of  Soil 

SCREEN 

LOCATIOX 

X.\ME 

Charac- 

OR Galler- 

Above 

Sectiox 

City 

OF 

OF 

ter  OF 

ies  to  Edge 

SCREEX 

Below 

Works 

Stream 

Develop- 

OF Water  at  of  Wells 

Normal 

ment 

Ordinary 

OR  Gal- 

Level of 

River  Stage 

leries 

Stream 

Feet 

Feet 

Feet 

Dresden.  .  .  . 

Elbe.  .  . 

Gallery.  .  .  . 

45 

15 

7 

Tolkewitz.  . 

Elbe. .  . 

Wells  

258 

28 

15 

Augsburg.  .  . 

.  Hoch  Ablass.  Lech.  .  . 

Wells 

400 

Wiesbaden. . 

.  Schierstein. 

Rhine.  . 

Wells 

350 

35 

is 

.  Ricklingen. 

Ihme.  .  . 

Wells  and 

gallery  .  . 

1.50 

10 

Hanover.  .  . 

.  Grasdorf . . . 

Leine, .  . 

Wells 

650 

20 

Unna  

.  Langschede . 

Rohr.  .  . 

Wells  

100 

16 

5 

It  is  important  to  note  that  at  the  Saloppe  works  of  Dres- 
den, the  Ricklingen  works  of  Hanover,  and  at  Wiesbaden,  the 
bacteria  run  very  high  in  the  ground-water,  when  the  rivers 
flood  the  surface  of  the  ground  above  the  collecting  works, 
but  sufficient  purification  is  obtained  at  other  times  at  these 
plants  by  the  passage  of  the  water  through  the  alluvium  be- 
tween the  river  and  the  galleries  or  wells.  Xo  similar  trouble, 
so  far  as  known,  has  been  experienced  at  the  other  plants 
given  liere. 

At  W  iesbaden,  there  are  other  wells  than  those  tabulated 
above  that  supply  water  for  street  sprinkling.  Some  of  these 
are  not  over  50  feet  from  the  Rhine  and  the  purification  is  not 
complete  at  even  normal  stages  of  the  river.  The  distance  of 
350  feet  at  which  the  other  wells  are  placed  is,  however,  suffi- 
cient excei)t  in  flood  times,  althougli  the  material  of  the  sub- 
strata appeared  to  be  coarse. 

.  \  KT 1 1- 1 C I A  L  G  RO  U  X  D-W  .\  T  F.  R 

Tlie  subject  of  "  artificial  ground- water  "  has  been  given 
mucli  attention  abroad.  In  each  one  of  the  German  works 
mentioned  above,  the  development  of  surface-water  was  more 
or  less  incidental  in  a  general  scheme  for  intercepting  the 
ground-water  flow  towards  the  natural  watercotirse ;  but  there 
arc  many  plants  in  Europe,  particularly  in  Sweden,  where  arti- 
ficial ground-water  is  obtained  in  the  absence  of  any  naturally 
saturated  strata,  by  pumping  or  diverting  surface-water  to  a 
bed  of  sand  and  gravel  and  intercepting  it  by  wells  or  galleries 
at  some  distance  from  the  point  of  application. 
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This  method  of  purification  is  known  as  the  "  Richert  S\s- 
teni  "  from  J.  (iii>t.  Ivicherl.  a  ronsuUini;"  en<;ineer  of  Stock- 
huhn.  who  ha>  ])re>enie(l  the  in  his  monoj^raph  "  Les 

l^anx  Sonterraines  Artiticielle.^."  The  s\stem  was  developed 
in  Sweden,  where  eon(htions  are  not  favoral)le  to  the  orthnary 
methods  of  i^ronnd-watc  r  de\  elopmcnt.  Sketches  of  typical 
artiticial  t^ronnd-waler  plants  from  Kicherl  are  shown  on  Sheet 
80,  Acc.  r.  66. 

Sonic  looscnini;"  ii])  and  cleanin_^'  of  the  hcd  of  the  artificial 
rcservoii-  or  canal  where  ilu*  water  is  a])i)lied.  is  necessary  in 
these  i)lants,  hnl  llii^  is  done  with  less  care  and  expense  than 
the  scra])inj4"  of  artificial  ^and  fdters. 

I'R(  )!•(  )SI':i)  IXflLTRA'f  K  ).\  1'.  \Si.\S 

Snr\-e>>  lia\c  hceii  made  for  the  proposed  infiltration  hasin^ 
on  the  (*arir>  and  ralcho_i;ne  ri\  ers  and  ])rcliniinar_\-  plans  ha\  e 
heeii  j)rcpar(.'d.  'flic  proi)o>ed  hasins  on  the  ("oiiiieh|not  and 
("arnian's  river>  conld  not.  howexer.  he  siir\e\cd  hccansc  of 
the  hostile  attitude  of  the  sporlsmcirs  chihs  on  whose  ^roniids 
these  would  he  located.  The  line  tif  colleclini;-  works  on  the 
I'ecoiiii-  ri\er  parallels  the  streams  and  ponds  alxne  Riverhead 
and  no  special  wi>rk  would  he  recjiiired  to  make  a  lar^e  portion 
of  the  siirfat-(.'-w  aters  thei-e  a\  ailal)le  as  j^i-onnd-w  ater.  It 
mi^ht  he  found  necessar\-  lo  clean  oiil  some  of  the  ponds,  hut 
this  need  not  ])v  i'\pensi\e. 

l.o(  \  iio\  oi-  i  \  |-|  I.IK  \l  ION   r.  \si.\s 

I  lie  -em-ral  map,  .*^heel  4.  Atw  5f»()J.  j)a,L^e  shows  the 
location  (if  these'  infiltration  hasiiis.  4"hose  on  the  ("arlfs  and 
i'atchoL^ne  i-i\e!-s  would  he  locaU'd  iiiiiiiedialel\  ahoxc  the  main 
south  shore  a(|iie(hicl.  fhe  hesi  .sites  for  those  on  the  ("onnet- 
(|noi  .-md  (  annan's  riwrs  appiar  to  he  on  the  hranch  a(|nedncts 
near  the  .Main  line  of  the  1  .oni^  Island  r;iili-oad.  tlu*  lirst  south 
and  the  second  iiMitli  ol'  this  hue. 

Till'  ("aril's  Ri\er  and  Ratchoone  Ri\er  hasins  would  he  lo- 
cated as  lu-ar  the  south  sIk.ih'  as  L;ionnd-water  could  salel\'  he 
drawn,  hnl  the  collecliiii;  works  would  readily  intercept  the 
entire  flood  Hows  of  tlu-se  streams.  'V]]v  infiltration  hasins  on 
the  larger  stn-anis.  tlu-  (  onnel(|Uo|  hroiik  and  (  annan's  ri\er, 
Would  he  farther  inland  where  the  surface  topography  is  more 
favorahle  fi>r  the  lar^^-  leservoirs  necessary  on  these  streams, 


SHEET  80 


Typical  Developmenf  in  Sand 
showing  au^men+'^fion  of  ground  waf^ 
flow  by  infroduc-hon  of  surface  wafer. 


village  op  Uddevalla 
showing  a rf I  f'cial  ground  wafer 
dev/elopment  in  a  poci<et-  of  send  on  hi' 

 3jzJ^n&  drafi-  ' 

^Afie^  WiHidra\/Vin 
kva/er  j-rorrr  vyell^ 


Iside 


GoHnem  boung 
showing  sr+ificial  ground  wafer 
developmenf  under  condifions  produang 

srfes.an  Rows        Aff  1  f icial  GnDUHcJ  Wa+erSupply 


in  Sweden 
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where  the  cost  of  land  and  construction  would  be  smaller,  and 
where  there  would  be  less  danger  from  sea-water  in  pumping 
the  ground-water  deeply  from  the  wells  located  about  the  in- 
filtration basins.  On  both  of  these  streams  the  flood  flows  from 
the  watershed  below  the  proposed  infiltration  basins  could  be 
collected  by  the  wells  on  the  main  south  shore  line  where  this 
crosses  these  streams  and  some  by  the  wells  on  the  branch  lines 
nearby. 

Oi;tlixe  of  Design  for  Infiltration  Basins 

In  general,  the  muck  that  now  fills  the  bottom  of  the  val- 
leys on  the  sites  of  the  infiltration  basins  would  be  removed, 
and  the  sand  ])cneath  excavated  to  an  elevation  above  sea- 
level  of  about  b  to  10  feet,  the  excavated  material  being  placed 
in  the  dam  and  the  aqueduct  embankments.  The  shallow 
flowage  around  the  basin  would  also  be  filled  up,  and  the 
shores  of  the  reservoir  raised  where  necessary,  and 
given  a])pr()])riate  landscape  treatment.  A  basin  having 
a  full  depth  of  10  to  15  feet  would  generally  1)e  obtained; 
this  would  be  essential  to  provide  sufficient  storage  at  times 
()i  large  flood  flow  and  the  low  elevation  of  the  bottom  would 
ensure  a  covering  of  water  to  ])revent  the  surface  of  the  bot- 
t(;m  from  l)eing  frozen.  In  addition  to  the  filter  surface  in 
the  bott(;m  of  each  basin,  it  is  also  pro]")Ose(l  to  dee])en  and 
widen  the  stream  abow  tlie  basin.  Observations  at  .Massa- 
pe(|ua  ha\  e  >ho\\n  that  llowing  water  prexents  tlie  stream  bot- 
lr)ms  from  clogging  wy,  and  more  water  filters  through  them 
tlian  tlu'uugli  the  l)ott(ims  of  pond^  in  which  tliere  is  little 
movement. 

Wells  about  500  feet  apart  would  be  driven  about  the  mar- 
gins of  iliese  basins  at  a  distanct'  of  about  v300  feet  from  the 
flow  line  in  order  that  there  would  be  sufficient  thickness  of 
sand  between  these  wells  and  the  bottom  of  tlie  basin  to  se- 
cure ci.nipUte  j)urifii-ati(  n  of  the  surface-water. 

("'AI'AdTN    <i|'    I  \  !■  1  I  ru  \TI().\  i>.\SI\S 

The  area  and  \olume  of  the  pi'o])o.se(l  intilti-ation  basins 
are  shown  below.  'Idiese  (jnantilies  lia\'e  been  deterniinc-d  lor 
the  two  basins  on  tlu-  ("aril's  and  Patchogne  i-ixcrs  from  the 
topographical  snrvcy  maps.  The  approximate  c-stimates  for 
the  Connet'inoi  r,i-(.ol<  ;ind  l  arnian's  l\i\er  basins  liax'e  Ihh-u 
made  from  the  gi-oloL^ii-al  sni  \e\'  maps. 
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Infiltration 
Basins 


Probable 
Area  of  Maximum 
Filter  Flood 
Surface  in   Discharge  of 
Basin         Stream  to 
in  Acres      be  Filtered 


Correspond-  Total 
iNG  Maximum  Storage 


Rate  of  Volume 
Filtration  of  Basin 
IN  Gallons  in 


Million 
Gallons 
Daily 


PER  Day,  PER  Million 


Acre  Gallons 


Carll's  river  

Connetquot  brook 
Patchogue  river.  . 
Carman's  river.  .  . 


51 
100 

29 
100 


25 
40 
10 
40 


490,000 
400,000 
340.000 
400,000 


167 
300 
95 
300 


From  the  maximum  flood  discharge  of  each  stream,  the 
probable  rate  of  filtration  has  been  estimated.  The  maximum 
rate  of  filtration  would  not,  in  any  case,  be  more  than  500,000 
gallons  per  day  per  acre,  which  is  but  little  more  than  one- 
fourth  to  one-sixth  of  the  allowable  rate  for  slow  sand  filtra- 
tion. This  rate  could  doubtless  be  maintained  without  any 
difficulty  for  several  months  without  exposing  the  bottom  of 
the  infiltration  basins  for  cleaning,  although  the  same  means 
that  have  been  recently  devised  for  scraping  sand  filters  when 
covered  witli  water  would  an-wer  ecjually  well  for  these  l)asins. 
Once  a  year  during  low  water  How  of  stream,  the  basin  could 
be  pumped  down  and  thoroughl}'  cleaned  of  the  accumulation 
of  sill  and  ]inniu>  that  would,  in  time,  reduce  the  rate  of  filtra- 
tir)n. 

The  extremcK'  large  run-olTs  from  these  T>ong  Island  wa- 
tershed.^ that  occur  once  or  twice  in  a  generation  could  not  be 
im])ounded  in  any  reservoir  that  can  be  constructed  on  these 
southern  Suffolk  County  streams,  and  ample  overflow  and  cul- 
vert capacit)'  mu>t  be  ])rovide(l  for  these  infiltration  basins. 
C)u  the  ba-i^  of  stream  discharges  ol)ser\ed  in  western  I>ong 
Island  in  Inbrnary.  1002,  when  a  warm  rain  occurred  on  the 
snow  covered  ancl  frozen  ground,  run-ofi"s  of  one  to  three 
inches  dei)t]i  may  be  expected  in  proportion  to  the  size  of  the 
watershed.  .\  run-off  of  one  inch  would  probably  never  be 
exceeded  on  such  streams  as  the  Connetquot,  Carman's  and 
Pcconic  ri\  ers,  but  two  to  three  inches  per  day  might  occur  on 
the  Carll's  and  Patchogue  rivers.  The  loss  of  these  occasional 
floods  would  be  insignificant. 


Some  interesting  experiments  were  carried  on  at  (1inti)n, 
Massachusetts,  by  the  Afetrrjpolitan  Water  Board  in  1896  and 


( ■  [ ,  f  .\  'lO  X  1  \  X  p  ]-:  k  1  .M  R  X  T  s 
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1897,  in  connection  with  the  design  of  the  North  dike  of  the 
W'achiisetts  reservoir.  A  basin,  having  an  area  of  1  /20 
acre,  was  prepared  on  the  summit  of  a  hill  about  40  feet  above 
Coachlace  pond,  and  water  from  this  pond  was  applied  for 
four  or  five  months  to  determine  the  amount  of  percolation 
through  the  material  forming  this  hill.  The  sands,  in  which 
this  basin  was  formed,  are  not  unlike  the  yellow  sands  of 
Long  Island,  and  the  amount  of  water  applied  to  this  basin 
gives  some  idea  of  the  rate  of  filtration  that  may  be  attained 
through  the  proposed  infiltration  basins  in  Suft'olk  county. 
The  Long  Island  sands  are,  if  anything,  coarser  than  those  at 
Clinton. 

The  amount  of  water  applied  during  the  three  long  periods 
of  continuous  operation  are  shown  below.  At  the  end  of  40 
or  50  days,  the  surface  of  the  bed  was  clogged  to  such  an 
extent  as  to  retjuirc  cleaning. 


Approximate  Rate  of  Application  in  Gallons  per  Day 

Period  of  per  Acre 

Continuous  ,  

Operation  Maximum  at  be-      Minimum  at  Average 

Days  ginning  of  run         end  of  run  rate 


40    2,  .WO. 000  050.000  1.100.000 

5.",    2.000.000  850.000  1.150.000 

45    2.000.000  1.000.000  1,200.000 


Thu  rate  of  filtration  through  the  proposed  basins  in  Suf- 
folk county  would  not  (jrdinarily  be  over  200.000  to  300,000 
gallons  \)cx  da}'  j)er  acre,  and  the  inter\a]s  belwecn  scraping 
might,  i)erliaps,  be  as  much  as  three  or  foiu"  nn)nths.  The 
.Suffolk  County  waters  are  not  silt  bearing,  but,  of  course, 
carr\'  leaves  and  \-cgetal)lu  mold  tliat  form  the  black  muck 
on  the  bott(jms  of  the  j)on(l-.  Tlic\'  dilTer  but  little  from  the 
waters  of  (^)achlace  pond  that  were  used  for  the  Clinton  cx- 
])urinunts. 

'l"he  axcragc  head  on  tin-  bottom  of  tlie  C'linton  basin  wa^ 
onl\-  four  fc-ut.  \\lK'rc'a«>  with  full  basins  those  proj)osed  in 
.Suffolk  County  ma\-  have  a  head  of  10  t(<  1.^  feet  or  more, 
and  till'  strata  below  would  be  conlinnouslv  saturated,  so  that, 
(•\un  when  clogge-d  by  several  months'  use.  the  .'^ulTolk  County 
basins  should  bi-  able  to  pass  500.000  gallons  pur  day  jht  acre. 
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Cost  of  Ixfiltratiox  Basixs 
The  cost  of  each  of  these  basins  is  estimated  as  follows: 


Carll's     Coxnetquot  Patchogue  Carman's 


J      ,                                              '  203  acres  350  acres  162  acres  250  acres 

^^'^^  ,  S60,900  §70.000  §48,600  $62,500 

Damages   Included  in  other  estimates 

Construction  of  basin   178.200  200.000  82,900  100.000 

Wells  and  equipment   37.400  85,000  34.000  51,000 

Total,    including    allowance  for 

engineering  and  contingencies  .  .  $276,500  $355,000  $165,500  $213,000 


These  infiltration  basins  would  make  an  average  supply  of 
50  million  gallons  per  day  available,  which  might  not  be  other- 
wise obtained.  With  all  the  fixed  charges  and  operating  ex- 
penses, the  cost  of  tliis  water  would  not  be  proportionally 
greater  than  the  remainder  of  the  ground-water  supply. 
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RI':M()\AL    ()1-    IROX    l-ROM    SL'l-l'OlJv  COIWTV 
GROl'XD-W  ATl- R 

WALTKR   K.    SPi:.\R,   DIVISIDN  EXGIXEKR 

The  anal}  scs  in  Appendix  2  show  that  some  of  the  ground- 
waters from  the  yellow  sands  and  gravels  of  Suffolk  county 
contain  more  iron  than  is  allowable  in  a  sui)ply  for  domestic 
or  commercial  uses.  The  manganese  in  a  few  localities  is  also 
somewhat  high,  but  the  data  now  available  does  not  indicate 
that  the  amount  of  either  iron  or  manganese  in  the  whole 
supply,  when  all  the  waters  are  mixed  together,  would  be  above 
the  safe  liiuits  that  are  usually  fixed. 

Iron  and  manganese  give  nuich  trouble  in  water-supplies 
through  the  encouragement  of  growths  of  certain  organisms, 
which  cause  un])leasant  tastes  and  odors  in  the  water.  These 
organi>nis.  with  the  oxides  of  these  metals,  sometimes  till  up 
the  wells  of  the  collecting  works  and  connections,  or  the  i)ipes 
of  the  distributing  system.  Waters  containing  but  a  small  per- 
centage of  iron  give  much  annoyance  in  the  laundry,  even  if 
the  amount  i>  not  sensible  to  the  taste,  and  such  waters  can- 
not often  be  Used  for  some  manufacturing  j)urposes.  The 
iron  can  be  readilx'  removed  from  the  water  b\-  ex])osure  and 
aeration,  and  by  ra])id  liltration  through  sand  or  gra\el.  I  n- 
fortunately,  the  manganese  does  not  as  readilx'  ])recipitate  and 
cannot  be  easily  removed. 

Irox  IX  I" 111';  R ii)(ii:wo()i)  Sri'ri.v 

I  111'  Ridi^ewood  >uj)|)ly  coiUains  nearl\'  0.^)  of  a  j)art  of 
iron  ])cr  million,  which  is  somewhat  greater  than  is  considered 
advisable-.  The  limit  is  usuall\-  placed  at  about  OA  to  O.."'  of 
a  part.  This  amount  of  iron  in  the  Ridgewood  supply  has 
resulted  fr(»m  the  greatei-  (U-velopnu'iil .  (hiring  the  ])asi  few 
\'ears,  of  the  ground- waters  in  tln'  westerly  portion  of  the 
old  watcrshrd  that  are  highl\  impregnated  with  iron.  W  hile 
().(>  of  a  part  per  million  would  not  warrant  any  large  ex- 
j)endituies  for  iioii  rcniit\al  plants  on  the  Ridgewood  works, 
in  laying  oiit  a  new  system  in  Sul'folk  conuiy,  the  possibility 
of  filti'rin,i4  a  purli m  of  it  iniisi  be  considered. 
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Irox  Removal  Plants  in  Suffolk  County 

It  is  not  unlikely  that  it  would  be  advisable  in  the  future 
to  remove  the  iron  from  some  of  the  ground-waters  in  Suf- 
folk county,  that  contain  iron  greatly  in  excess  of  that  allow- 
able for  the  whole  supply.  This  should  be  done  at  small  plants 
where  the  waters  could  be  treated  before  they  enter  the  main 
aqueduct.  It  is  possible  that  the  entire  supply  from  the  Pe- 
conic  valley  would  be  filtered,  and  the  pumping-station  near 
Riverhead  should  be  planned  with  a  view  to  treating  at  this 
point  all  the  water  delivered  by  the  aqueduct  there.  The  iron 
removal  plants  on  Long  Island,  and  those  of  ground-water 
supplies  from  similar  formations  in  New  Jersey,  indicate  that 
the  iron  in  these  yellow  gravels  is  in  such  a  form  as  to  be 
readily  precipitated  by  brief  contact  with  the  atmosphere, 
through  falling  a  few  feet  in  the  air,  through  exposure  in 
open  reservoirs,  or  even  through  the  introduction  of  air  into 
the  suction  mains. 

The  prr)|)er  treatment  of  ground-waters  for  the  removal 
of  iron  must,  however,  be  determined  for  each  locality.  When 
the  time  comes  to  treat  portions  of  the  Suffolk  County  supply, 
sufficient  investigation  must  be  made  to  learn  the  amount  of 
aeration  and  the  rate  of  filtration  for  each  water. 

German  Irox  Pemoval  Plants 

Man}-  of  the  (German  ground-waters  have  required  very 
thorough  aeration  by  flowing  in  lliin  sheets  or  slowly  drop- 
l)ing  through  a  stack  of  coke,  l^rick,  or  thin  wood  slabs.  Two 
types  of  aerators  employed  in  ( lerniany  are  shown  on  Sheets 
81,  82  and  83,  Aces.  L  71,  L  (>?  and  L  68,  and  some  data  on 
the  aerators  and  fibers  of  the  ])rincipal  iron  removal  plants  in 
northern  luiro])e  are  ]jresented  in  Table  29.  It  will  be  noted 
in  these  German  filters,  that  maximum  rates  of  25  million 
gall(;ns  ])er  acre  ])er  day  are  scjmetimes  employed  and  tliat 
12  or  15  million  gallons  per  acre  is  not  uncommon.  The  high- 
est rate  is  not  ])robably  desirable,  as  it  refjuires  more  frequent 
cleaning  of  tlie  filters. 

The  iron  removal  plant  at  Lcipsic  is  interesting  because 
of  the  absence  of  the  aerators  common  in  other  German 
plants  and  the  coarse  material  which  the  filters  are  made. 
rSee  Slieet  84,  Acc.  L  65.)  The  water  is  delivered  to  these 
filters  through  6.5  miles  of  ar|ueduct  anrl  siphr)n  and  a  short 
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overfall  as  at  the  plant  of  the  Queens  County  Water  Co.  on 
Long  Island,  at  Far  Rockaway,  Xew  York.  The  iron  appears 
in  large  flocculent  masses  that  permit  of  rapid  filtration. 

In  other  plants  in  (ierniany,  where  the  iron  is  not  so  readily 
precipitated,  the  water  falls  through  the  aerators  and  reaches 
the  filters  in  much  finer  particles.  This  breaking  up  of  the 
iron  particles  makes  filtration  more  difticult  and  the  treatment 
of  a  water  before  filtration  is  therefore  important. 


SHEET  81 


Cspaul-y  of  works   ZZ.7  Mi  I.  C^3le.  per  d^y.  Cons^rucfeJ /n /9oz 

PIsnf  ai-  T&geJfZJ-^^jiz-  is  in  fyyo  psr^ ,  B^ch  fs/fure.  of-cx:>ke.  sh^cJ^ 
hdS  sn  s^refor-  (3cjuiprn<zni-  for  pmcipifzihno       Dc3/one^  by  Pir&chr  Geer" 

iron  in  ground  v^34-er  bef-or-e.  fi  f-hf^hfon .  <^f'  ^^i'n  ^3hzj'i^orks 
GoHj  p/3n^j5  oonf^tn  20  un(H>  Q^ch  of 


Grouping  of  Aerators 
BerlinTeOelersee  WbrKs 


SHEET  82 


Maximum  ra^-e.  of  sershor?  js  //S  M/7.G3/s.p<2r- 
3 ere.  per  day  Oi^e,r  SuperficJsf  ares  op  a<2rei^rs 
or  l2..4-^3lfonspe.rd3yper5qu3r&foo-hof 
jn^e-r/'or  Surf  see.  ov&r  t^hf'ch  yy^ai-^  sJow/y 
frtcJ^fes  ho)  boffom.     Amoanf-  of-  Jtvrj  1.3  per  mi/. 
Psrhdes  of  /rarr^r^  fine. ;  rshz  of  filH-ahorj  25.7 f^.<i>  per 

VMsin  feede/-  -Hd  ro^  of  JO  sf^cJ^z]  '^^yQc^- 
L       (Z^cJr   I rn.(=  3.ZS  fh)  ^U3r^     J  ^ 
Surface  of  Wafer  in  trvugh  < 


Cons-hruchzd  in  /90E,  sfhzr- 
failure,  of  coke,  5f3Ck 

De.sign<zd  by  D/recJ-or  Bbjzt 
Of-  Beriin  W3fer  ^orks. 


C'Spaoff-y  of  T&^zf 
Oafs,  pe-r  dsy. 


k  Disl-ri bufors  or 
Small  troughs.  2^' 


0 


Esc 


MT<2re. 


f  meJ-er-  =  3 3 
Eaoh  s^acJK.  fs    3-  3 3 re- 
ars /a  s>f3cJ<s  in  no^  snd  ^  ro^s  H?  3 
unif-  C See  Sexz-hon  of  3<3r3H:>r-  hou^e..)  \ 

In  boH-i  pf3nf£>  3l-  TeceJ^rse-e. ,  tiier-^  ar^ 
ZO  un/^.3 ,  ha\^ino  supe/'ficjal  ar^a  =  8800.  s^.  ff. 
Area  of  Jn  fen  or  surface,  of  one.  shadK.  ^  2300s<:f  f* 


Square. .  deJi  v^  waher 
•ho  si'act\  over  nokhes 
m  -top 


Aerahors  are. 
Cle^aned  by  increas- 
''11^         floi/^  to  one. 
row  of  stacJKs  ho 
^  hmes  l-hre,  normal 
A  /etv  minuhzs  only 
is  recjulre^d  wash 


Waf(zr  falls  from 
hoHom  ofsfach 
ho  reservofr  beJoiy 
3  df stance,  of 
3.  3  ff.    Muck  fron 
Se^/es    ouf-  h^.re. 
rem3ind€.r  /3 
/r  /A2/-ec/  ouh.  3f 
maximum  rafe.  of 

ZS.  7  Mil.  Gsis  p^r- 
3  ere,  />e/-  day. 


Surface,  of  Res<2rvoir 


Berffn,TegeIersee  Works 


1307, 
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Nfa-scimum  rai^  of  sera  f /on  f's  /Z3.  Mil.Gal5>.per 
day  p^acre.  of-  supe-rf/ciaf  ar&3  of  3e^-3hors>. 
or -37.4- ^3 //one  per  dsy  pe-rscjusm.  /bo/- of 
in/^/or  -surface^,  oyer  wtiich  ^^/er  sloyvly 
•trickles  fo  boHvm.    Amount  of  i  ron ,  I.S  pa  ri- 
per' mi  I  Iron.  PsrhcJe^  of  /mn  smaH. 

Corru^^ahe^  iron  dish-'thuhor 


Cons/ruc/e<J  }n  /3S^,  af- 
e>ee,/i-hLhof  on  ffTe,  i^^nns^ 


I 


A(3i-3HDr  is  cJ/vided  in -ho  S  cii ambers 
Qach  I3'-G"  v^^ide.  snd  27-o"  /ong 


Aera/vrs  are. 

dzys  by  ■/■umrng 
yv/tole.  ffoyy  fo 
8  Qnf/-3  on  one. 
for  lO  /t?  IS  rnin  - 
uf^.    The,  hrr'cJo 
are.  Spacjzd 


BHcAs  are.  sfaakad  in  32  /syzr^H^  a  height  ^\  ^^^^'^ 
of  //-6  as  shoyyn.     Tote/  ^upcrficjaf  '     ■     .    '  ^ 

area  is  2750.SQ.fi-   7bf^  are^  of- irrf^or 
Surfaces   -  2/7000.  so.  ff.    CapacJhy  of 

^er  day 


plant  is  /3.Z  MiA  &3/s 


IS  ^rsdu&Jty 
deore.2se.G  to  I  m. 
at  boftom  to 
facifitaf^  the. 
vyas/jing  out  of 
Hie,  it-on.  Co/^e.- 
and  cJinker 
be.(Z3me.  c/oa^ej. 
\^en  used  here. 

in  Sheratons. 
Water  fal/s  from 
boftom  ofstacJ^ 
to  nsscrvoir 
beJow.  J^udi  of 
the,  iron  se,H-le3 
out  here..  Hie. 
remainder  is 
ffl/e,rRd  out 
May.  Rate,  of 
f/ //rah on.  25.7 
M//.  per 
aot^  per  day. 


Details  of  Aerators 
Char  I  often  burp,  Wannsee  Works. 


Acc.  L.«8 


SHEET  84 


Mo.v,.^o.  Leipsic 
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APPENDIX  9 

FRESH-WATER    RESER\X)1RS    ON  SALT-WATER 
ESTUARIES,  TO  PROTECT  COLLECTING 
WORKS  FRO^I  THE  SEA-WATER 

V,\'  WALTER  K.  SPKAR.  DIVISION  EXC.INEER 

The  main  south  shore  line  of  the  proposed  Suffolk  County 
collectingr  works  cannot,  everywhere,  be  located  back  of  the 
20- foot  or  even  the  L^-foot  ground-water  contour,  where 
it  has  been  shown  in  Appendix  2  that  the  works  would  be 
safe  from  the  infiltration  of  sea-water.  To  secure  such  a 
location  at  the  crossing-s  of  the  deeper  valleys,  would  neces- 
sitate wide  detours  back  into  the  island,  which  would  greatly 
increase  the  length  and  cost  of  the  aqueduct  and  would  re- 
duce the  tributary  catchment  area. 

v^afety  against  the  entrance  of  sea-water  could,  however, 
be  secured  in  these  valleys  where  the  ground-water  is  but  a 
few  feet  above  the  sea,  by  constructing-  dams  across  the  out- 
lets of  the  salt-water  estuaries  of  the  streams  and  creating 
fresh-water  reservoirs  that  would  crowd  out  the  sea-water 
in  the  underlying  gravels.  Artificial  ponds  have  already  been 
created  through  |)rivate  effort  on  many  streams  in  southern 
Suffolk  county,  that  ])rovide  the  necessary  protection  to  the 
])roposc(l  groimd-water  collecting  works,  just  as  jMassape(|ua 
lake,  origina11\-  a  ])ri\'ate  ])on(l,  protects  a  portion  of  the 
Brooklyn  works  in  Nassau  county.  No  addiliiMial  works  need 
be  constructed  on  such  streams,  which  include  most  of  the 
creeks  on  the  first  20  miles  of  tlie  Suffolk  County  shore.  There 
are,  however,  abo^ut  14  streams,  most]\-  in  eastern  Suffolk 
county,  on  which  fresh-water  reserx'oirs  should  be  const i^ucted. 

Ij.Mrn.xc  1  )is'i- lo  S  \'.r  W 
In  geueral,  no  sea-water  should  ])c  ])ei-uiitte(l  williiu  the 
l)rnl)ablc  lini'  of  inflection  of  the  water-la])le  toward  the  wells, 
which  rei)resenl^  tlie  southerly  limit  of  tlie  calclimeul  area; 
(►therwi^e,  the  salt  watei"  would  tlow  at  once  to  the  wells. 
W'luMi  tin-  colK'etiiio-  works  are  in  full  operation,  the  ground- 
water would  sometimes  be  inllected  toward  the  works  tor  a 
distance  of  M)()()  to  .^()f)0  feet  south  of  the  proposed  atjueduct 
line.  I'"iir  the  proper  pi'oteclion  of  the  su])i)ly.  the  sea-watiM- 
in  the  snrface  channels  must,  howi-ver,  be  crowded  consid- 
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erably  beyond  these  distances  to  prevent  its  reaching  through 
the  open  channels,  the  line  of  inflection  toward  the  wells,  and 
wide  bodies  of  fresh  water  should  be  permanently  interposed. 
The  dams  on  these  proposed  fresh-water  reservoirs  should, 
therefore,  for  safety,  be  built  at  least  2000  feet  beyond  this 
line  of  inflection  of  the  ground-water,  or  from  5000  to  8000 
feet  south  of  the  proposed  aqueduct  and  the  collecting  works. 
The  larger  figure,  say  l!/  miles,  has  generally  been  secured 
in  laying  out  the  proposed  reservoirs.  The  location  for  the 
dams  would  naturally  be  fixed  by  the  topography  of  the  chan- 
nels and  the  elevation  of  the  adjacent  lands,  and  some  of 
them  on  the  smaller  streams  have  been  laid  out  only  7000 
feet,  and  in  one  case  only  6600  feet  from  the  collecting  works. 
Salt  water  on  the  Patchogue  river  would  be  even  nearer, 
(5200  feet),  after  the  completion  of  a  small  dam  at  the 
head  of  the  harbor  on  Division  street,  but  the  fresh  water 
in  Patchogue  lake,  which  stands  at  Elevation  11,  and  that  in 
West  lake,  would  assist  in  crowding  the  sea-water  back. 

The  distance  from  the  collecting  works  through  which  it 
is  proposed  to  remove  the  salt  water  on  each  stream  is  shown 
in  the  table  following: 


Present  Distance  of  Distance  of  Salt  Water  in 

Name  of  Stream      Salt  Water  South  from  Feet  South  of  Collecting 

Line  OF  Collecting  Works  Works  After  Completion 

Feet  of  Proposed  Reservoirs 


Connetquot  river   1.400  11,400 

Browns  creek   4. .500  8,500 

Patchotfue  river   .3,400  5,200 

Swan  river   .3,500  8,800 

Mud  creek   4. .300  8,000 

Carman's  river   1.100  north  8,300 

Forge  river   3,800  0,700 

Old  Neck  creek   4,700  7,000 

Terrell  river   4,500  7,500 

Seatuck  creek   3.800  7.000 

East  branch   3,000  8,000 

Speonk  river   5,700  8, .500 

Beaverdam  creek   2,900  6,600 

Quantuck  creek   3.200  7.000 


HiGiiT  OF  Proposed  Reservoirs 
l^^ach  reservoir  surface  should  be  as  high  as  possible  aljove 
mean  sea-level  in  the  south  shore  bays,  in  order  to  provide 
the  greatest  protection  for  the  ground-water  collecting  works. 
Many  limitations  in  the  hight  of  the  surfaces  of  these  reser- 
voirs exist  in  low  banks,  highways,  culverts  and  bridges,  and 
most  important  of  all  is  the  difficulty  of  maintaining  the  res- 
ervoirs without  artificial  pumi)ing. 
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A  flow  line  of  two  feet  above  mean  sea-level  would  prob- 
ably be  hii^^b  enougb  if  tbe  strata  below  were  uniformly  porous, 
because  two  feet  of  fresh  water  would  balance  a  depth  of 
brackish  water  ecjuivalent  to  the  full  depth  of  the  yellow^  water 
bearing-  gravels,  if  the  brackish  water  had  a  sjiecific  gravity  of 
1.015  to  1.025.  W  here  possible,  liowexer.  a  hight  of  three 
feet  is  proposed  for  greater  safety,  because  the  dec])  water 
gravels  do  not  everywhere  communicate  freely  with  the  sur- 
face. 

Location  of  Rkskrnoirs 

The  ]()cati>)ns  of  the  proposed  reservoirs  arc  shown  on  the 
general  map.  Sheet  4,  Acc.  5602,  page  26.  With  the  excei)tion 
of  the  small  reservoir  proposed  on  the  Patchogue  river.  ])lans 
of  all  reserxoirs  have  been  pre])are(l  from  the  topogra])hical 
surveys  made  by  tlic  engineers  of  this  lioard. 

l)i:si(;x  OF  1 'roi'osi:i)  Dam 

An  earth  cmbankmcni  i>  pri)]);;se{l  for  these  reservoirs 
which  could  l)e  made  of  the  material  dredged  from  the  river 
channels.  'This  iraterial  would  l^e  ])umpc(l  and  deposited  on 
either  side  of  a  center  line  of  sheet  ])iling,  which  would  be 
cap])e(l  above  ilie  waler-line  w  ith  concrete.  The  proposed  sec- 
tion of  one  of  these  embankments,  that  on  the  C'on- 
nel(|Uot  river,  is  shown  on  .*^hcet  S5.  Acc.  L  47* >,  which 
exhibits  also  the  concrete  s])ill\\a\  and  the  lock  and  railway 
for  small  boats  that  would  l)e  priAidcd  on  the  larger  and  na\-- 
igable  stream-^.  r.n»wn's  creek.  C  arman's  ri\er,  l'"')rge  ri\  er  and 
Seattick  creek.  Tlu'  reservoir  dams  on  the  (nlier  and  smaller 
streams  would  be  cM|ui])])e(l  witli  >pillwa\>  only,  altliough  sev- 
eral of  them  coidd,  if  rccpiired,  be  ])ro\idcd  at  small  e\])cnse 
with  railwaxs  for  small  boats. 

.M  Ai  xii:n  AXii-;  oi-  |)\ms  axd  Ki'.si'.rx'oirs 

Tbc'^i-  r(.'>c'r\'oir->  woidd  b.e  maintained  in  [\\v  >ame  manner 
as  the-  City  parks  and  would  form  a  most  attractixe  feature 
of  tlu'sc-  ."^ullnlk  ("<)unt\  streams,  and  at  tbe  same  time  would 
greatU-  inipr(>\-e  navigatii'n  for  all  i-raft.  I'Acept  for  the  largi-r 
dams  where  Ineks  sbnuld  be  prox  idetb  there  would  be  no  cost 
for  oj)eratioii  lieyond  ilu-  occasional  \isits  of  laborers  to  cut 
the  gras>  and  n-pair  tlie  i'nil)ankment  slop^-s.  The  few  ri'ser- 
N'oirs  whusr  surfaces  wnnld  need  be  maintained  ai't ilicially  will 
be  considered  in  a  siil)sc(|ni'nt  a])pen(li\. 
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Cost  of  Reservoirs 


The  estimated  cost  of  these  reservoirs  is  shown  in  the 


following  table. 

While  these 

reservoirs  would  improve  the 

lands  about  them, 

some  interruption  in  the  natural  drainage 

would  result  from 

their  construction,  and  a 

liberal  allowance 

has  been  made  in 

the  estimates 

for  damages 

and  ample  land 

takings  have  been  provided  for. 

Total 

Land  And 

Exclusive  of 

Reservoir 

Construction 

CONSEQL'ENTI.A.L       ENGINEERING  AND 

Damages 

Contingencies 

Connetquot  river  

$76,900 

$52,000 

$128,900 

18,700 

37,000 

55,700 

Patchogue  creek  

8,000 

7.000 

15,000 

Swan  river  

30,600 

32,000 

62.600 

Mud  creek  

19,400 

20.000 

39,400 

Carman's  river  

44,500 

92.000 

136,500 

Forge  river  

69,500 

42.000 

111,500 

Old  Xeck  creek  

23,100 

6,000 

29,100 

Terrell  river  

36.200 

12.500 

48,700 

Seatuck  creek  

59,900 

22.300 

82,200 

East  branch  

18,200 

11,000 

29.200 

14,400 

12,500 

26,900 

Beaverdam  creek  

10,800 

13,200 

24,000 

Quantuck  creek  

16,700 

12.600 

29.300 

Total  

$446,900 

$372,100 

$819,000 

An  allowance  of  20  per  cent,  is  made  in  final  summary  of 
cost  of  these  works  for  engineering  and  contingencies. 

li.xsis  o|-  {estimates 
The  quantities  on  which  the  above  reservoir  costs  were 
made  up  have  been  estimated  liberally,  and  land  and  damages 
are  equal!}-  large.     Th.c  unit  i)rices  ado])te(l  are  as  follows: 


Excavation  on  embankment  and  sites  $0.25  per  cubic  yard 

J'^xcavalion  on  si)illway  and  lock  >ites  50  per  cubic  yard 

Embankments  25  per  cubic  yard 

Ht  i-  assumed  that  most  of  the  earth 
would  be  handled  by  ])um])  dredges) 

Soil  dressing  75  per  cubic  yard 

Concrete  masonry  of  locks  and  spillways.  .   12.00  per  cubic  yard 

Concrete  paving  on  embankments   6.00  per  cubic  yard 

Round  piles  on  main  embankment,  in  place     .25  ])er  foot 

Koiind  ])iles  for  coffer-dam.  in  j)lace  35  per  foot 

Lumber  >heeting  in  place   65.00  per  M  ft.  W.  \\. 

Lumber  walings  in  ];lace   60.00  ])er  M  ft.  W.  \\. 

Lumber  for  foot  bridges  and  docks   50.00  per  :\I  ft.  Ji.  AL 
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APPEXDIX  10 

PROPOSED   DESIGN    OF  TRANSPORTATION 
WORKS 

BY   WALTER  E.   SPEAR,   DIVISION  ENGINEER 

The  south  shore  of  Long  Island  is  much  too  low  to  deliver 
the  proposed  ground-water  supply  by  gravity  into  the  City 
mains,  as  may  readily  be  done  with  the  water  from  the  Catskill 
Mountain  sources.  The  Suffolk  County  waters  must  be 
pumped  into  the  distrilnition  system,  and  the  greatest  economy 
in  construction  and  operation  may  be  secured  by  pumping  the 
entire  supj)ly  at  one  central  station  in  Brooklyn  borough,  to 
which  all  the  water  gathered  in  Suffolk  county  would  flow 
by  gravity  in  a  cut-and-cover  acfueduct. 

AOI'F.DIXTS 

A  brief  consideration  of  the  relative  cost  of  constructing 
and  operating  steel-pipe  lines  and  the  necessary  ])umping-sta- 
tions  in  Suffolk  county,  compared  with  a  continuous  gravity 
cut-and-cover  masonry  a(|ueduct,  shows  that  the  latter  would 
be  much  cheaper  in  first  cost  and  less  expensive  in  oi)eration. 

On  the  basis  of  the  cost  of  the  present  72-inch  steel  pipe 
of  the  Ridgewood  system,  it  would  cost  three  times  as  much 
for  steel-pipe  lines  and  pumping-stations  to  deliver  the  same 
amount  of  water  as  ])roposed  for  the  single  Suffolk  County 
ac|ueduct.  In  addition  to  the  larger  fixed  charges  on  the  steel 
pij)c  and  the  vastly  greater  de]:)reciation  thereon,  there  would 
be  in  addition  a  heavy  annual  cost  of  pumping  the  water 
through  the  steel  ])ii)e. 

LocATrox  OF  Aqueduct 

The  location  of  the  a(|ue(luct,  shown  as  a  full  red  line  on 
the  general  maj),  Sheet  4,  Acc.  5602,  page  26,  is  fixed  in  Suf- 
folk county  by  the  line  selected  for  the  proposed  collecting 
works;  in  Nassau  and  Queens  counties  by  the  topography  of 
the  surface  oi  the  ground,  the  position  of  the  larger  villages  and 
the  location  of  the  lands  now  owned  by  The  City. 

The  location  proposed  in  Suffolk  county,  well  back  from 
the  south  shore,  wouhl  permit  of  a  continuous  gravity  aquc- 
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duct  frcni  tlie  liroposed  pumping-station  in  Brooklyn  bor- 
ough to  the  extreme  easterly  end  of  the  south  shore  develoi)- 
ment.  The  surface  topography  of  Long  Island  from  Ridge- 
wood  to  Ouogue  is.  fortunatelw  \ery  favorable  to  this  plan, 
because  the  land  surface  at  any  given  distance  from  the  south 
shore  increases  in  hight  toward  the  easterly  end  of  the  island. 

A  continuous  gravit}'  acjueduct  would  avoid  any  punii)ing 
along  the  line  of  the  aqueduct,  as  at  the  Millburn  pumping- 
station  of  the  l>rooklyn  works,  where  the  supply  collected  in 
the  "  new  conduit  "  is  lifted  about  seven  feet  int(^  the  "  old 
conduit  *'  running  to  Ridgewood,  or  pumped  through  cast-iron 
])ipe  to  this  station.  The  low  elevations  of  the  ground  on  the 
line  of  the  "new  conduit"  near  the  Long  Island  railroad, 
made  this  arrangement  necessary.  Jt  could  have  been  avoided 
by  mo\  ing  the  acjueduct  and  supply  ponds  back  from  the  shore, 
but  the  works  were  built  to  collect  a  surface  supj^ly,  and  were 
necessarily  located  near  the  soiuh  shore  where  the  llow  in  the 
surface  streams  is  a  maxinumi. 

Tlu-  C  ity,  through  the  Dei)artmcnt  (^f  Water  Sup])ly.  now 
own.N  a  ^trip  of  land  generally  200  feet  in  width  just  south 
of  the  "old  c:  nduit  "  and  the  Montauk  dixision  of  the  Long 
Island  railroad,  from  a  point  a  short  distance  east  of  the 
Ridgewood  station  to  Clear  stream.  The  72-inch  steel-pii)c 
line  is  located  on  this  land,  but  there  is  am])le  room  for  the 
pr()])osed  !^utTolk  County  a(|neduct  witliont  interfering  with 
thi-^  ])ipe-line  or  witli  the  dri\en-well  stations  and  infiltration 
galleries  thai  are  being  constructed  there.  I'^roni  Clear  stream 
it  is  now  prop()->e(l  to  ero>^>^  over  to  the  north  side  of  the  Long 
Island  railroad,  and  locate  the  ruinednet  as  far  as  the  SnlTolk 
County  lin.e  at  some  distance  n<'rtli  of  the  railroad  an  l  the 
south  shore  \  illages,  where  the  ground  is  hioju^M-  I'lan  on  the 
line  of  llu-  l\i(U';e\\  ( ;o(l  work-,  and  an  economical  cnl-and- 
(■<'\-er  si'i-tii»n  eonld  be  built. 

\  wide  strip  of  land  may  be  purchased  this  year  1)\'  the 
I)epartinc-n1  of  W'alc-r  l^npply  along  the  sonib  side  of  the 
Long  Lland  railroad  for  the  exti-n-ion  of  the  72-inch  sleel- 
pipe  line  frMin  (  lear  sli-eam  lo  M  assapecjua.  and  the  ])roposed 
Suffolk  Connt\  a(|ne(lnei  iniglit  well  be  i-onstrneted  within  it 
as  far  as  llu-  Millburn  resiMWoir.  'Ibis  alternaiix c  line  is 
shown  (;n  the  i^eneral  map  as  a  dotted  red  line.  Lexond 
Milllmi-n  reM-rvoir  ll'e  a<|ne(lncl  would,  of  necessity,  cross 
to  tlu-  nnrtli  -idc-  of  the  iMilroad,  because  the  location  proposed 
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by  the  department  on  the  south  side  of  the  railroad  is  too  low 
for  a  cut-and-cover  section. 

Siphons 

It  would  not  be  feasible  to  construct  the  proposed  Suffolk 
Coiuitv  aqueduct  entirely  of  a  masonry  cut-and-cover  section 
on  the  hydraulic  gradient.  Siphons  would  be  necessary  in 
the  main  aqueduct  at  Great  River,  South  Haven,  Eastport, 
\\"esthampton,  and  again  at  A'alley  Stream  should  the  alterna- 
tive line  in  Xassau  county  be  adopted.  Those  in  Suffolk 
county  would  avoid  high  embankments.  The  \  alley  Stream 
siphon  would  be  necessary  to  avoid  interference  with  street 
grades  in  a  thickly  settled  suburban  district ;  the  pressure 
in  this  siphon  would  be  small,  and  a  concrete  section  slightly  re- 
inforced could  be  adopted.  The  siphons  in  Suffolk  county  at 
Great  River,  South  Haven  and  Eastport.  would  be  constructed 
in  deej)  valley  crossings,  where  a  detour  to  secure  a  cut-and- 
cover  location  would  be  impossible',  and  the  pressures  would  be 
so  high  as  to  require  riveted  steel  pipe.  The  small  siphon  at 
Westhampton,  and  several  others  of  small  dimensions  on  the 
branch  aqueducts  would  be  of  cast-iron  i)ii)e. 

C.\PACfT\'  OF   Ani  INDI  CT 

It  is  ])roi>o>ed  to  make  the  nominal  c«'q)acity  of  the  acpie- 
duct  irom  Suft'olk  county  to  l5rooklyn  1)oroui^di  250  million 
gallons  j)er  da\'.  whicli  is  sufficient  to  carry  the  normal  safe 
yield  of  the  Suffolk  Gounty  watersheds.  i'Vom  I  lempstead 
pond  or  Smiths  ])f)nd  to  Xew  ^'ork  Gity.  however,  the  grotmd 
is  favorable  for  a  somewhat  greater  slope  in  the  aqueduct 
than  farther  east,  and  it  would  be  possible,  with  the  same 
aqueduct  section,  to  increase  the  nominal  capacity  to  300  mil- 
lion gallons  per  day.  Tliis  excess -capacity  is  proposed  with 
a  view  to  trans])orting.  in  time  of  great  need,  a  large  volume 
of  storage  through  a  branch  acjueduct  from  the  Hempstead 
storage  reservoir,  and  the  additional  ca]:)acity  would  also  serve 
to  occasionally  convey  all  the  water  carried  by  the  old  Brook- 
lyn conduit,  so  that  the  latter  could  be  emptied  for  cleaning 
and  repair>. 

The  old  conduit  was  built  of  brick  masonry  50  years  ago, 
and  inspection  has  shown  the  need  of  thorough  repairs,  which 
cannot  at  present  be  made  because  this  conduit  could  not  be 
out  f>f  service  f()r  a  sufficient  length  of  time  without  cutting 
off  the  supi)ly  of  Brooklyn  borough. 
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The  full  section  of  250  million  gallons  daily  capacity  need 
not  be  carried  into  Suffolk  county  farther  than  Great  River, 
15  miles  from  the  Nassau  County  line.  The  capacity  beyond 
this  point  would  be  roughly  proportional  to  the  area  and  yield 
of  the  tributary  watershed.  On  Sheet  97,  Acc.  L  605,  are 
presented  mass  curves  of  the  average  yield  of  Suft'olk  County 
watersheds  and  the  proposed  nominal  capacity  of  the  main 
aqueduct.  The  excess  capacity  of  the  aqueduct  in  eastern 
Suft'olk  county  varies  from  40  to  60  million  gallons  daily  over 
the  average  yield.  This  is  provided  to  permit  these  easterly 
portions  of  the  watershed  to  be  drawn  upon  to  their  maximum 
capacity,  when,  through  accident  or  design,  the  westerly  por- 
tions of  the  collecting  works  were  not  being  operated.  Changes 
in  section  are  generally  made  at  the  junction  of  the  branch 
lines  to  permit  the  full  discharge  of  these  laterals  to  be  de- 
livered. The  capacity  of  the  Peconic  acjueduct  is  planned 
for  the  maximum  yield  of  the  tributary  watershed.  50  million 
gallons  per  day. 

The  branch  lines  have  been  designed  for  a  nominal  ca- 
pacity of  40  to  50  million  gallons  per  day,  which  represent 
the  probable  maximum  delivery  of  the  collecting  works  on 
these  lines. 

Excess  Capacity  of  Aqueducts 

Using  a  value  of  C  in  the  Chezy  formula  of  120,  the  ca- 
pacity of  each  aqueduct  section  was  computed  for  a  flow 
four  to  five  ])er  cent,  larger  than  the  capacit\-  given.  The 
nominal  capacity  of  each  section  represents,  therefore,  the 
probable  safe  carrying  capacity  of  the  aciueducts  after  several 
years  of  service  witliout  cleaning,  whci  the  bottom  wcnild 
perhaps  be  covered  with  sand  pumped  in  with  water  from  the 
wells. 

it  would  not  be  unreasonable  to  ex])ect  a  coefticienl  of 
130  or  even  140  if  the  ac|ue(luct  were  ])roperly  cleaned  every 
six  months  (w  every  year,  and  with  this  \alue  of  C.  the  main 
a(|uedm-t  In  Kidgi'wood  could  transport  ilie  maxininni  delixery 
f)f  the  watershed  of  300  million  ^allnns  per  (la\-  in  limes  of 
great  demand.  (  )nl\  gix'ing  llie  main  a(|ne(hiet  lo  llie  City 
a  capacity  con^i(U'ra1)l\'  in  excess  of  the  normal  yic^ld  of  the 
watershed.  nia\'  a  large  i-i>\rre(l  disiril)nling  rcservinr  in 
IW'ookh'n  bMioui^h  be  disju-nsi'd  with,  and  the  elieap  ground- 
wati-r  st(»ra.i;i'  in  the  sands  of  southern  Long  Island  made 
available.     With  the  cnnnection  ])r<>posed  to  l^)rooklyn  from 
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Hill  A'iew  reservoir  for  the  Catskill  supply  an  excess  of  20  per 
cent,  in  the  capacity  of  the  Suffolk  County  aqueduct  above 
that  corresponding  to  the  average  supply  from  Suffolk  county 
should  be  sufficient. 

Size  and  Grades  of  Aqueducts 

The  sections  of  the  Suffolk  County  aqueduct  have  been 
designed  after  the  type  of  concrete  masonry  aqueduct  now 
being  constructed  for  the  Catskill  works,  with  some  modifica- 
tions in  the  relative  hight  and  width  which  seem  desirable  for 
Suffolk  County  conditions. 

The  widths  and  bights  of  the  aqueduct  sections  corre- 
sponding to  the  capacity  selected  are  shown  on  Sheet  97,  Acc. 
L  605,  above  referred  to.  The  details  of  these  sections,  with 
the  proposed  widths  and  slopes  of  excavation  and  embank- 
ment, are  presented  on  Sheets  98  to  102,  inclusive,  Aces.  LJ 
133,  L  594,  L  606,  L  331  and  L  593. 

No  section  in  wet  earth  is  provided  in  these  ty|)c  sections, 
as  it  is  planned  to  excavate  and  construct  the  aqueduct,  for 
most  of  its  length,  in  dry  trench.  It  is  pro])osed,  where  tli? 
subgrade  is  below  the  surface  of  the  ground-water,  to  lower 
the  water-table  below  this  grade  during  construction,  by  tem- 
porary driven  wells.  These  wells,  spaced  200  to  300  feet 
apart  ak^ng  the  af|ucduct  line,  would  be  driven  and  pumped 
by  portable  plants  into  completed  sections  of  the  aqueduct, 
or  into  flumes  that  would  transport  the  water  a  thousand  feet 
or  more  beyond  the  work.  Tn  Suffolk  county,  the  permanent 
wells  might  be  constructed  in  advance  of  aqueduct  construc- 
tion, and  intermediate  wells  of  temporary  character  driven 
where  necessary. 

For  the  estimates  in  dry  earth,  an  excavation  on  1  to  1 
slope  is  assumed.  The  aqueduct  would,  however,  be  con- 
structed in  sheeted  trench  for  several  short  sections,  from 
Pitkin  avenue,  Brooklyn,  to  the  Ridgewood  pumping-station, 
through  the  more  thickly  settled  portions  of  Freeport,  Amity- 
ville,  at  all  railroad  crossings,  and  at  some  important  high- 
ways. Should  the  southerly  alternative  line  be  adopted  in 
Nassau  county,  the  aqueduct  through  the  villages  of  Valley 
Stream  and  Rockville  Center  would  be  similarly  constructed. 
Tn  Brooklyn  borough  and  within  some  of  the  larger  villages 
of  Nassau  county,  the  work  w^ould  necessarily  be  done  in  wet 
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trench,  and  timber  platforms  and  a  central  drainage  system 
adopted. 

The  general  plan  of  constrncting  the  atpieduct  in  dry 
trench  is  not  only  the  most  economical  one.  bnt  it  would 
avoid  the  use  of  lumber  in  the  foundations  of  the  aqueduct 
and  other  structures.  This  is  most  desirable,  because  the 
ground-water  surface  would  be  frecjuently  drawn  below  the 
bottom  of  the  a(|ueducts  by  the  ])roposed  collecting  works  in 
Suffolk  county  and  by  the  ])resent  pumping-stations  in  Nassau 
and  Queens,  and  the  life  of  wood  foimdations  woidd  be  con- 
se(|uently  short. 

.V  cover  of  three  feet  on  the  a(|ueducl  appears  sufficient 
to  protect  the  concrete  section  from  the  frost  and  heat,  and 
])reserve  the  equable  temperature  of  the  water.  The  slopes 
of  1  on  1'^^  are  believed  to  be  perfectly  safe  with  the  coarse, 
sandy  material  that  would  be  used,  but  it  might  be  desirable 
to  increase  this  sloi)e  to  1  on  3  or  to  even  1  on  5,  where  there  is 
an  excess  of  excavation,  both  to  render  the  embankments  more 
attractive  and  to  make  the  grass  grow  better.  The  proposed 
depth  of  soil  cover  of  12  inches  cannot  perhai)s  be  obtained 
from  the  strij^ping  of  the  excavation  in  some  localities  with- 
otit  u<ing  a  ])ortion  of  the  subsoil,  and  it  will  re(iuire  nnich  care 
and  a  great  deal  of  sprinkling  to  establish  and  maintain  a 
good  sod  on  some  of  these  soils.  S])ecial  study  is  re(iuired 
to  determine  the  1)est  means  of  increasing  the  fmeness  of  tliese 
soils  to  make  them  more  retentive  of  moistm-e. 

Proi-ii.i:s  ()!■  AcjrKDiTTs 

The  gradients  of  the  ."Suffolk  ("ounl\-  ;i(|ue(luct  and  the  ele- 
vation of  the  invert  and  crown  relatix'c  to  the  surface  of  the 
ground  and  to  the  water-ta])le.  are  shown  in  ])rot"iles  on  Sheets 
86  io^)(),  inclusive.  Accs.  L|  lOS.  L  f)7.\  L  L  .x^O.  L  5^7. 
L  .^88.  I.  .=^8').  L  r,12.  L  L  3<)1    and  L  340.     In  laying 

out  these  gi'adients.  >c'\  eral  t-onditions  lia.l  to  be  met.  !  laving 
decided  upon  a  system  of  pnni])ing  all  llu'  weIN  throughout  tiie 
|)roj)osed  collecting  works  in  .Suffolk  count \,  il  a])i)eare(l  de- 
sirable to  construct  the  acpiedncl  as  economical])'  as  possible, 
and,  to  this  end.  lo  placr  il  at  ^nch  a  grade  that  the  amount 
of  i-nl-and  t"o\cT  would  balance.  So  far  as  possible,  this  has 
been  done.  The  elevation  of  the  invert  of  tlie  afjueduct  and 
the  How  line  is.  however,  determined  at  se\-eral  points  by  other 
c< )nsiderat  i<  »ns. 
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Grade  of  Aqueduct  ix  Suffolk  County 

The  elevation  and  grade  of  the  aqueduct  in  Suffolk  county 
is  fixed  within  somewhat  narrow  limits  by  the  elevation  of  the 
ground-water  in  the  first  15  or  20  miles.  The  aqueduct  should 
be  as  near  the  groiuid-water  surface  as  possible  on  the  line  of 
the  collecting  works,  in  order  to  minimize  the  lift  of  the 
pumps,  and  yet  not  so  deep  in  the  saturated  sands  as  to  in- 
crease the  cost  of  the  aqueduct  beyond  the  possible  saving  in 
operating  expenses.  The  elevation  of  the  invert  of  the  aque- 
duct of  Elevation  16,  at  the  Xassau-Sufifolk  County  line  that 
has  been  fixed,  and  a  grade  of  seven  inches  per  mile  as  far 
east  as  Patchogue,  does  not  depress  the  aqueduct  very  far  be- 
low the  water-table.  The  grade  of  the  smaller  sections  of  the 
•main  aqueduct  from  Patchogue  to  the  junction  of  the  Peconic 
aqueduct  at  Westhampton,  is  reduced  from  seven  inches  to 
six  inches  per  mile,  in  order  to  fit  the  ground  without  mov- 
ing the  line  farther  inland  than  required  by  the  collecting 
works.  The  ground-water  in  eastern  Suffolk  county  is  low 
and  the  ground  surface  high,  so  that  the  lift  into  the  acpieduct 
increases  towards  the  easterly  end  of  the  works.  There  ap- 
pears to  be  no  way  to  avoid  this  with  a  continuous  gravity 
aqueduct  without  moving  the  easterly  ])ortion  of  the  line 
farther  back  from  the  south  shore  and  placing  the  aciueduct 
in  very  deep  excavation. 

Suppose  for  the  moment  that  it  would  l^e  safe  to  move 
the  line  in  eastern  Suftolk  county  beyond  the  Carman's  river, 
nearer  the  south  shore  without  greater  danger  of  the  entrance 
of  sea-water,  and  ])lacc  the  gravity  aqueduct  at  a  lower  ele- 
vation, and  somewhat  nearer  the  ground-water  surface.  A 
saving  in  the  lift  of  the  ground-water  into  the  aqueduct  of 
possi])lv  10  feet  might  thus  l)e  efYected,  l)ut  tliis  ])lan  would 
require  another  pumping-station  at  the  Carman's  river  to  lift 
into  tlie  main  gravity  acpieduct  running  to  llrooklyn  the  en- 
tire sui)ply  gathered  east  of  tliis  point,  including  the  yield 
of  the  Peconic  Valley  works. 

The  cost  of  pumping  the  wells  at  the  third  sta^e  of  con- 
struction, exclusive  of  fixed  charges,  is  estimated  at  14  cents 
])er  million  foot-gallons,  and  there  would  l)e  70  million  gallons 
per  (lay,  or  25,550  million  gallons  per  year  to  be  i)umi)ed. 

The  i)umj)ing  station  at  Carman's  river  would  have  to  lift 
this  voluuK'  of  70  million  gallons  per  day,  and  in  addition, 
the  30  million  galluim  from  the  Peconic  valley,  and  it  would 
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not  be  safe  to  estimate  for  this  low  lift  plant  on  less  than 
4  cents  per  million  foot-gallons. 

The  annual  saving-  of  10  feet  in  lift  on  70  million  gallons 
daily  would  amount  to  25,550  x  10  x  0. 14=835. 770,  but 
against  this,  100x365=36,500  million  gallons  daily  would 
be  pumped  daily  an  equal  distance  at  a  cost  each  year  of 
36,500  X  10  X  0.04=$14,600.  The  net  annual  saving  would 
be  $21,170.  which  capitalized  at  five  per  cent.,  would  amount 
to  $423,400. 

The  saving  effected  by  placing  the  easterly  end  of  the  main 
aqueduct  at  a  lower  elevation  to  minimize  the  lift  in  the  wells, 
would  hardly  pay  the  fixed  charges  on  the  cost  of  the  neces- 
sary pumping-station  at  the  Carman's  river.  Such  a  location 
is  not  desirable  anyway  because  it  would  be  too  near  the  sea. 

In  order  to  secure  the  full  yield  of  the  Peconic  A'alley 
watersh.ed.  the  collecting  works  would  be  located  at  the  down- 
stream end  of  the  valley.  The  water,  collected  in  the  gravity 
aqueduct  and  delivered  to  the  proposed  pumping-station  near 
Sweezy  pond  at  Riverhead,  must  be  pumped  over  the  hill  sep- 
arating the  Peconic  valley  from  the  southerly  slope  of  the 
island.  The  force  mains  would  not,  however,  be  long,  nor 
necessarily  large,  and  they  would  deliver  the  supply  at  the 
summit  of  the  hill  into  a  cut-and-cover  aqueduct,  which  would 
convey  the  water  l)y  gravity  to  the  main  south  shore  aqueduct 
at  \\'esthampton. 

The  branch  lines  would  be  constructed  at  reasonable  depths 
for  cut-and-cover  sections,  and  because  of  the  natural  slope 
of  the  island,  small  and  inexpensive  aqueducts  could  be  built. 

(ikADi-:  OF  Ao[  KDi  cT  ix  Xassai'  axi)  Oueexs  CoL'XTIES 

At  the  westerly  end  of  the  line  near  the  Ridgewood  pump- 
ing-station, it  seems  essential  that  the  flow  line  of  the  new 
aqueduct  should  be  at  such  an  elevation  that,  if  desired,  the 
entire  flow  of  the  old  brick  conduit  of  the  Ridgewood  system 
could  be  taken  into  the  new  aqueduct,  or  a  portion  of  the  new 
Sufi'olk  County  supply  could  be  delivered  through  the  old 
structure  to  the  present  Ridgewood  pumping-station.  To 
effect  this,  a  cross  connection  is  proposed  at  Spring  creek, 
where  the  flow  line  of  the  new  aqueduct  would  be  placed  at 
T'Tevation  10  a1>ove  the  ]>.  W.  S.  datum.  This  elevation  of 
the  flow  line  would  depress  the  aqueduct  l^elow  the  ground- 
water in  the  westerly  portion  of  the  line,  but  this  grade  is 
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not  lower  than  is  necessary  through  much  of  Queens  county, 
to  secure  material  for  embankment  without  borrowing  from 
expensive  lands  now  devoted  to  truck  farming  or  being  devel- 
oped for  suburban  residences. 

Beginning  with  invert  elevation  of  10. 0.  at  the  Xassau- 
Suft'olk  County  line,  a  grade  of  seven  inches  per  mile  to  Smiths 
pond  could  be  maintained  with  little  deep  excavation,  except 
north  of  Freeport  and  Rockville  Center,  and  with  few  em- 
l)ankments  of  sufficient  hight  to  damage  the  lands  through 
which  the  aqueduct  would  pass.  From  Smiths  pond  to  Ridge- 
wood,  a  grade  of  over  10  inches  per  mile  could  be  secured 
to  the  point  of  control  at  Spring  creek,  and  a  large  capacitv 
secured  to  take  the  flow  of  Hempstead  storage  reservoir  and 
the  other  Brooklyn  works,  as  already  explained. 

Alternative  Location  of  Aqueduct  in  Nassau  Couxtn 
The  location  here  proposed  between  Rosedale  and  Millburn 
reservoir,  north  of  the  villages  of  \'alley  Stream.  Lynbrook, 
and  Rockville  Center,  which  is  shown  on  the  general  map. 
Sheet  4,  Acc.  5602,  page  26,  as  a  full  red  line,  would  do  much 
less  damage  and  would  cause  less  annoyance  than  a  line  farther 
south,  although,  at  several  points  on  the  northerly  line,  the 
aqueduct  would  be  in  deep  excavation  and  at  some  depth  below 
the  surface  of  the  ground-water.  Tliis  line  is  proposed  l)e- 
cause  it  is  thought  better  to  keep  away  from  the  villages  and 
tlius  avoid  any  disturbance  there. 

The  alternative  line  through  the  villages  of  \'aile\-  Stream, 
Lynbrook  and  Rockville  Center,  shown  on  the  general  map 
as  a  dotted  red  line,  would  be  somewhat  cheaper  than  the 
northerly  line,  even  with  the  greater  cost  of  land  on  the  south- 
erly route,  and  tlie  expense  of  a  siphon  at  A^alley  Stream. 
Should  th.e  Department  of  \\'ater  Supply  acquire  the  wide 
right-of-way  over  this  alternative  southerly  location,  tlie  Suf- 
folk Count\-  a(|Ue(luct  should  of  course  be  l)iiilt  on  this  line. 

The  relative  cost  of  the  a(|ue{luct  on  these  two  Iccatiiuis 
is  shown  below : 


Northerly 

Soi'tiii;ki.v 

I  I  KM 

Location 

Al  TERNATIVE 

Pkoi'()>;i:i) 

Location 

Land  and  damages  

$:U7,f>o() 

.■)14.;«)() 

42S.(5.'jO 

2n;i. ()()() 

2().i..s()n 

!»,S0, ()()() 

l.()l'."),(i.')0 

Special  structures  and  improvements  

L't(),L'.")(l 

2(;s,r)7o 

Total,  exclusive  of  engineering  and  contingencies. 

$2,345,200 

$2,262,570 
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Cost  of  Aqueduct  Coxstructiox 

On  each  of  the  diagrams  showing  the  details  of  the  Suf- 
folk County  Aqueduct  sections,  Sheets  98  to  102,  inclusive, 
Aces.  LJ  133,  L  594,  L  606,  L  331  and  L  593,  curves  of  earth 
work  and  masonry  quantities  are  drawn  for  any  depth  of  cut  or 
fill.  From  these  curves  the  cost  of  each  section  of  aque'duct  in 
dry  earth  excavation  has  been  worked  up,  and  is  shown  in 
the  upper  right  hand  corner.  This  cost  curve  does  not  include 
land  and  water  damages,  right-of-way,  special  structures  or 
supervision.    Each  curve  is  based  on  the  following  unit  prices : 

Excavation  dry,  slope  1  to  1.  including 

soil  stripping   $0.35  per  cubic  yard 

Embankment  and  refill  30  per  cubic  yard 

Soil  dressing,  re-excavation  and  placing  .40  per  cubic  yard 
Concrete  masonr\',  including  cement  and 

forms    7.50  per  cubic  yard 

Lumber    50.00  per  M  feet  B.  ^I. 


The  earth  quantities,  regarding  which  the  greatest  uncer- 
tainty must  exist  in  the  preliminary  estimates,  are  purposely 
given  fairly  high  unit  prices  in  these  estimates.  Most  of  the 
earth  work  in  dry  trench  could  1)e  done  by  steam-shovel,  trench 
machine,  scraper,  or  other  labor  saving  machinerx'.  and  the 
I)rices,  including  a  reasonable  profit,  should  be  less  than  here 
given.  Xo  allowance  is  made  for  borrow  in  the  estimate  of 
embankment  and  refill,  but  a  price  of  15  cents  to  25  cents  has 
been  made  for  spoil  in  proportion  to  the  length  of  overhaul. 
In  most  localities  it  should  be  possible  to  secure  the  necessary 
depth  of  soil  from  the  surface  of  the  excavation. 

It  should  be  possible  to  place  the  concrete  masonry  in  the 
aqueduct,  with  present  prices  of  cement,  for  $7.50  per  cubic 
yard,  although  there  is  less  margin  of  safety  in  this  than  in 
the  earth  quantities,  because  it  has  been  possible  to  compute 
the  masonry  yardage  more  closely.  Sand  is  everywhere  alnmd- 
ant.  and  gravel  would  be  found  occasionallx'  in  the  trench. 

Liberal  estimates  on  the  cost  of  handling  the  water  by 
means  of  temporary  driven  wells,  show  that  the  cost  would  be 
about  $5.60  j)er  foot  oi  aqueduct  when  the  ground-water  level 
is  2  feet  or  less  above  the  subgrade.  This  cost  would  increase 
alx)Ut  40  cents  per  foot  for  each  additional  foot  of  ground- 
water in  the  trench,  because  of  additional  pumpage  re(|uired 
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to  keep  the  gTound-water  at  a  lower  depth.  The  cost  of  $6 
per  foot  in  three  feet  of  water  where  the  excavation,  for  ex- 
ample, amounts  to  20  to  30  cubic  yards  per  linear  foot,  would 
add  20  or  30  cents  per  yard  to  the  excavation,  but  this  method 
would  be  cheaper  than  the  less  desirable  plan  of  handling  the 
water  in  the  trench,  which  is  estimated,  with  platf(M-ms  and 
central  drains,  to  cost  $9  per  foot,  with  the  same  de])th  of 
water  above  subgrade. 

COXXECTIOXS  WITH  RI  I)Cih:\VC )( )D  SYSTEM 

The  cross  connection  between  the  pro])osed  aqueduct  and 
the  old  brick  conduit  at  Spring  creek  is  estimated  as  an  8-foot 
aqueduct  with  a  nominal  capacity  of  100  million  gallons  per 
day.  The  proposed  branch  aqueduct  from  Hempstead  storage 
reservoir  to  the  Suffolk  County  aqueduct  is  also  planned  as 
an  8-foot  conduit,  and  the  capacity  is  also  estimated  at  100 
million  gallons  per  day. 

Several  special  structures  in  addition  to  the  connection 
mentioned  above  are  included  in  the  estimate  of  this  branch 
aqueduct,  a  gate-house  and  connection  with  existing  works  at 
the  reservoir,  a  culvert  at  Smiths  pond,  blow-off,  gaging  and 
inspection  manholes  and,  for  the  southerly  alternative  location, 
a  crossing  of  the  Long  Island  railroad. 

A  connection  is  also  estimated  from  the  proposed  branch 
aqueduct  from  Hempstead  storage  reservoir  to  the  old  brick 
conduit.  Another  connection  to  the  proposed  Suft'olk  County 
aqueduct  is  proposed  from  the  Millburn  ])mnping-station. 
This  is  estimated  as  a  reinforced  section,  seven  feet  in  diam- 
eter, and  is  designed  to  carry  70  million  gallons  per  day,  some- 
what more  than  the  full  delivery  of  the  new  conduit."  Esti- 
mates include  necessary  changes  in  I)ipiug  at  ]\[illbiu  n  pump- 
ing-station,  and  a  right-of-way  for  the  coimection.  A  similar 
connection  of  the  same  ca])acitv  is  estimated  Ijetween  the  main 
a([ueduct  and  the  new  pumping-station  ])roposed  b)-  the  De- 
partment  of  Water  Sup])ly  at  Alassapeqna.  11iis  would  be 
built  on  a  grade  to  deliver  bv  gravity  the  first  inslallnient  of 
the  Suffolk  County  gronnd-waters  to  ]\[assape(|Ua  and  to  the 
City  through  the  ])r<)j>ose(l  ATassape(|ua  pumping-station  and 
the  proposed  extensi(^n  of  the  72-inch  pipe-line. 

sri'XTAL  s rin  c  TI  KI'S 

TIk-  cr)m])lctc  1( >] )ographical  surveys  of  the  proposed  right- 
of-way  lia\-e  pcrmitlcd  tlie  special  strnctnrcs  to  be  stndied  in 
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greater  detail  than  is  ordinarily  possible  for  preliminary  esti- 
mates on  a  project  of  this  kind. 

Gate-house  and  Appurtenances 

Gate-houses  have  been  planned  at  cross  connections  be- 
tween the  Suffolk  County  aqueduct  and  the  Ridgewood  con- 
duits, at  junctions  with  aqueducts  and  conduits  from  reser- 
voirs and  pumping-stations  of  the  Ridgewood  system,  at  junc- 
tions of  the  proposed  branch  aqueducts  in  Suffolk  county,  and 
at  other  j)oints  where  overflows  and  siphon  chambers  are  sug- 
gested. These  gate-houses  are  tabulated  below  with  appurte- 
nances provided  at  each : 


Station 

FROM  Location  Near  Appurtenances 

Ridgewood 


NASSAU  COUNTY 

482+40   Beginning  Valley  Stream  siphon.  .  Valley  Stream.  Gates,  siphon  chamber 

488+50  Valley  Stream  siphon   Valley  Stream.  Gates,   pumps,  culvert 

and  h)lovv-ofT 

506+40   End  Valley  Stream  siphon   Valley  Stream.  Gates,  siphon  chag:iber 

631+00  Junction  Hempstead  branch  con-  Rockville  GTatcs.    blow-off,  over- 

duit   Center   fl'.w.    ''ainection  for 

I ! ni  1 '  I  cad  Ijranch 

954+00   East  Newbridge  stream   Merrick   Gates,    culvert,  drain- 

age valve,  overflow 

1,186+00   Massapequa  stream   Massapequa  .  .   Gates,  culvert,  overflow, 

drainage  valve,  con- 
nection from  pump- 
ing-station 

SUFFOLK  COUNTY 

1.572+71    Junction  Melville  aqueduct   Babylon   Gates,  overflow 

2,068+21   Junction  Connetquot  aqueduct.  .  .   Great  River  .  .   Gates,  siphon  chamber, 

overflow 

2,174+75   End  Connetquot  siphon   Great  River. .  .   Gates,  siphon  chamber 

2, .'120  4-00   West  branch.  Browns  creek   Sayville   Gates,    culvert,  over- 

flow, blow-off 

2,492+75   Patchogue  lake   Patchogue.  .  .  .   Gates,  overflow 

2,852-1-14  Junction  Carman's  aqueduct   Brookhaven  .  .    Gates,  siphon  chamber 

2,949 -i-.32   End  Carman's  siphon   Brookhaven.  .    Gates,  siphon  chamber 

3,255-1-25   Terrell  river   East  Moriches.  Gates,  overflow,  culvert, 

blow-off 

3,354+75  Beginning  Seatuck  siphon   East  Moriches.  Gates,  siphon  chamber 

3,367  4-75  -End  Seatuck  siphon   East  Moriches.  Gates,  siphon  chamber 

3,721 -f  75  Junction  Peconic  aqueduct   Quogue   Gates,  siphon  chamber 

3,7714-75   End  Quantuck  siphon   Quogue   Gates,  siphon  chamber 


The  cost  of  a  gate-house  is  estimated  for  those  below:  Nassau  County  line  and 
Oakdale,  at  $9,000  each;  10-inch  drainage  gates,  $75;  manholes,  $75;  24-inch 
blow-off,  $300 

In  the  type  of  gatc-hnu>c  adoj)ted  for  estimates  of  cost  the 
overflows  are  designed  to  discharge  a  large  volume  of  water 
wlien  the  stop-planks  are  removed  and  the  gate-houses  are 
placed  sufficiently  near  tngether  to  relieve  the  atjueduct  of 
undue  pressure  in  the  event  of  interruptions  to  the  flow. 
Grooves  for  stop-plank>  would  be  provided  for  the  purpose 
of  cutting  off  sections  ff>r  cleaning  and  repairs. 
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Culverts 

The  type  of  culvert  adopted  in  the  prehniinary  estimates 
of  cost  is  shown  on  Sheet  103,  Acc.  L  668.  The  sizes  of  the 
culverts  are  estimated  liberally  to  take  care  of  infrequent  tioods 
on  the  Long  Island  watersheds,  occasioned  by  warm  rains  on 
snow  covered,  frozen  ground.  The  sizes  have  been  based  upon 
observations  of  a  freshet  on  Fel)ruary  26,  1902,  by  the  Depart- 
ment of  Water  Supply,  which  indicated  that  for  small  water- 
sheds of  less  than  seven  square  miles,  a  run-off  of  three  inches 
in  24  hours  ma}-  be  expected,  and  that  the  discharge  of  the 
larger  watersheds  was  proportionately  less.  A  watershed  of 
30  scjuare  miles  yielded  about  one  inch  in  24  hours.  The  cul- 
verts have  been  computed  on  the  assumption  that  a  backing 
up  of  four  feet  on  the  up-stream  side  w^as  permissible,  except 
where  such  would  endanger  the  safety  of  the  existing  aque- 
ducts and  pipe-lines  which  at  some  puints  have  insufficient 
culvert  capacity.  Allowance  has  loeen  made  fur  an  entry  head 
equal  to  50  per  cent,  of  the  velocity  head  through  the  culvert. 
The  selection  of  the  pr()i)er  culvert  sizes  f(n-  an\-  gi\cn  water- 
shed area  has  been  facilitated  by  the  construction  of  the  dia- 
gram on  Sheet  104,  Acc.  LJ  135.  The  location  of  the  overtlows. 
gate-houses,  blow-offs  and  drainage  gates,  are  shown  on  the 
profiles  of  the  acjueduct.  Sheets  cS6  to  96,  inclusive,  lllow-oft's 
have  been  placed  at  fre(iuent  intervals,  because  it  would  be 
necessary  to  empty  the  aciueduct  ra])idly  for  cleaning  or  repairs 
in  conse(|uence  of  the  small  amount  of  storage  that  is  ]H-o\  i(le(l 
in  the  distributing  reservoirs  of  ih^ooklyn  borotigh. 

Maxholks 

Special  manholes  and  blow-offs  have  been  estimated  in  ac- 
cordance with  the  standard  design  for  the  C  atskill  acpieduct, 
with  24-inch  gates  and  drainage  pipes. 

Gaging  manholes  of  the  standard  I'atskill  pattern  are  ])ro- 
posed  on  the  main  a(|ue(luct  at  Lynbrook.  b'reeport.  Amitx  ville. 
liabylon.  (  )akdale.  South  lla\en  and  \\'e>tliainpt  ui  ;  on  the 
cross  connect  ioii'^  ti)  the  old  conduit  at  .Spring  t'reek  :  on  the 
branches  to  llenipstead  storage  reservoir.  Millbm-n  pumping- 
station,  and  to  M ;issape(|na  slatitni;  and  on  iln'  branch  a(|ue- 
diicts  in  Suffolk  connty  near  tlu'ir  inncti(.n  with  the  main  line. 

lns])ection  manholes  wonld  be  provided  on  the  acjueducts 
in  Nassau  and  (jueens  conntic-s  at  intt'ixals  of  '  j  mile,  and 
throughont  tlu-  entire  work^.  at  the  ends  of  siphons  where 
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gate-houses  and  siphon  chambers  are  not  planned.  The  man- 
holes of  the  aqueducts  in  Suffolk  county  would  be  placed  as  far 
as  possible  opposite  the  wells  to  admit  of  inspection  and  repairs 
to  connections. 

Railroad  Crossings 

The  main  aqueduct  crosses  the  Long  Island  railroad  at 
several  points ;  the  Rockaway  branch  near  Aqueduct ;  the  old 
Rockaway  line  between  Springf.eld  and  Rosedale ;  tlie  two 
single  track  branches  at  A'alley  Stream  :  the  Long  Beach  branch 
at  Lynbrook ;  the  Montauk  division  (double  track)  at  Rose- 
dale  ;  the  Hempstead  branch  between  Lindenhurst  and  Baby-  • 
Ion.  and  the  branch  from  Eastport  to  Manor  at  Eastport. 

It  has  been  assumed  that  the  Long  Island  railroad  would 
take  care  of  its  tracks  at  The  City's  expense.  An  estimate  of 
SI 500  for  each  crossing'-  has  been  allowed,  and  an  additional 
thickness  of  12  inches  of  concrete  is  proposed  to  carry  the  tra'n 
loads. 

Xo  allowance  has  been  made  for  crossing  street  railways 
within  the  City  limits,  since  it  is  assumed  they  are  in  the  pub- 
lic highways  and  must  look  out  for  themselves;  elsewhere 
SI 500  has  been  allowed  for  each. 

AOl'h:i)l'CT  RIGHT-()I--\\AV 
W  IDT  1 1  OF  Taking 
The  land  for  the  aqueducts  in  Suff*;)lk  county  would  be 
prcjvided  by  the  proposed  takings  for  the  collecting  works,  in 
Xassau  and  Queens,  where  the  land  is  not  already  owned  by 
The  Cit\',  it  is  proposed  to  purchase  a  right-of-way  100  to  150 
feet  in  width.  Enough  land  has  been  estimated  to  cover  what 
may  be  necessary  for  borrow-pits  or  spoil-banks,  or  for  other 
construction  purposes.  The  ])rice  estimated  for  these  lands  has 
been  estimated  upon  the  basis  of  the  cost  of  land  purchased  by 
The  City  in  the  same  locality,  including  the  cost  of  necessary 
legal  proceedings  and  surveys. 

1m i'K'!VE.Mi-:.\T  OF  Ri(;nT-oF-w \\-  i.\  Xassau  County 
It  is  proposed  to  seed  all  aqueduct  embankments  and  main- 
tain a  sod  to  protect  the  slopes.  The  right-of-way  from  Suf- 
folk county  to  Ridgewood  pumping-station  would  be  fenced 
and  improved  as  prf)posed  in  Suffolk  county.  Parks  would 
be  maintained  on  the  right-of-way  within  the  villages  of  Mill- 
burn,  Erecport,  Merrick,  Bellinore,  W'antagh  and  Massapequa. 


SHEET  98 


SHEET  100 


SHEET  101 


SHEET  103 
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SHEET  105 


416 


APPEXDIX  10 


PROPOSED  POM  I^LXO-STATIOXS 

r>V  ROBERT  W.  STEED,  MECHANICAL  ENGINEER 

Two  piimping-stations  are  proposed  for  tlie  Siiti"v)lk  Oountv 
transportation  works;  one  at  the  westerly  end  of  the  main 
aque(hict  near  the  site  of  the  present  Ridgewood  stations  to 
pump  the  entire  Suffolk  County  supply  into  the  distrihution 
system  of  1  Brooklyn  and  other  horoughs ;  the  other  station  near 
Riverhead  to  lift  tlie  I\'Conie  X'alle)-  waters  over  the  hill  to 
the  main  >outh  >hore  aciueduct. 

RIDOliWOOD  POMPIXG-STATIOX 

It  is  pro]30sed  to  place  the  i)umi)ing-station  and  the  coal 
storage  plant  on  the  southerly  end  of  the  land  owned  hy  The 
City,  on  the  S(juth  side  of  Atlantic  a\-enue.  and  in  part  occu- 
pied by  tlie  Ridgewood  new  pumping-station.  as  sliown  on 
Sheet  lOS,  Acc.  5041.  The  pumps  of  this  ])resent  station  have 
1)een  in  operation  some  years;  the}-  Tire  not  efficient  and  re- 
(|uire  fre(|uent  repairs,  so  that  the  whole  station  could  well 
be  abandoned  on  the  completion  of  the  large  pumping-station 
here  proi)osed.  and  the  land  fronting  on  Atlantic  avenue  de- 
voted to  park  purposes,  or  utilized  in  the  future  ior  another 
station. 

T^•l'E  oi-  Al  Acii  I  eor  S  rA'i'iox  Imjc i  tm  i:\ r 

Thu  normal  capacil\-  of  the  station  would  be  250  million 
gallons  dail)-,  the  maxinunn  capacity-  v^OO  million  gallons  dail}-, 
and  the  supplx'  would  be  pumped  against  a  dislribulion  ])res- 
>ure  in  the  Cit\-  mains  estimated  for  ihe  fnlnre  at  220  teet 
on  the  0).  W.  S.  datum.  The  station  would  be  ei|nippcd  for 
the  complete  development  with  S  high-dnt\-  \ertical  triple- 
expansion  n^'-wheel  en^ino.  each  ha\ing  a  normal  capacity 
ot'  .x^  million  gallons  dailw  and  [\  maxinunn  delixery  of  42 
million  gallons  dailx.  With  a  steam  i)ressni\"  150  ponnds 
])fr  s(|nare  incli,  the  sj/r  ^^\  each  (.'n^inc  wonid  be  about  42 
inclu's  and  7?)  inches  and  lb)  incln's  l)\  40-^  |  inches  by  72 
inches  stroke,  piston  spe^-d  240  fret  \)vv  minute. 

Steam  wonld  be  snpplied  by  5  batteries  of  water-tnbe 
boilers  (.-ach  !(;(;;)  II. 0..  <»f  which  one  wonld  be  a  resi'r\e.  .Ml 
boilers  would  be  lilted  with  mechanical  sinkers,  ft'd  l)\'  weigh- 
ing hoj)])t-rs  whii-h  rc"cei\'e  coal  from  bins  al)o\ e  the  boilers. 
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The  coal  would  be  carried  from  a  coal  storage  building  to 
these  bins  by  a  conveyor,  which  would  also  remove  the  ashes. 
The  capacity  of  the  coal  storage  building  would  be  about 
10,000  tons,  and  that  of  the  bins  over  the  boilers  about  3,000 
tons,  making  a  total  of  13,000  tons.  This  would  be  sufficient 
for  75  da}-s'  run  when  completed  station  is  running  at  average 
capacity. 

The  general  lay-out  of  the  engine  room  and  boiler  house 
of  the  proposed  plant  is  shown  on  Sheet  109,  Acc.  5043,  and 
that  of  the  coal  storage  building  on  Sheet  110,  Acc.  5042. 

Station  Buildings 

The  buildings  for  the  proposed  plant  would  be  constructed 
in  a  ])lain,  substantial  manner,  with  sufficient  ornament  to 
make  them  an  attractive  feature  of  the  great  thoroughfare 
within  the  City  limits  on  which  they  would  be  located. 

Progre.ssive  hjji  i I'M  i:xt  of  Station 

The  proposed  collecting  works  in  Suffolk  county  would  be 
constructed  in  successive  stages  and  the  pum])ing-station  at 
Ridgewood  need  only  be  e(|uipj)ed  at  any  stage  with  a  suffi- 
cient number  of  boilers  and  engino  to  ])um])  the  maximum 
yield  of  the  collecting  works  at  that  time.  The  buildings, 
stack,  coal  storage,  coal  convcNor.  the  foundations  for  all 
l)oilers  and  engines  and  the  pumj)-well,  would  be  complete 
at  the  first  installation. 

The  ec|ui])ment  of  the  station  for  the  first  three  stages 
of  the  Suffolk  Count}'  develoj^ment  is  estimated  as  follows: 


Maximum 

XORMAL  PUMPAGE 

Plmpage  Dlrin(; 

Total 

Number 

Stages  op 

OF  Stations 

Months  of 

X UMBER 

OF 

Development 

IS  MlM.ION 

Large  Demand 

OF 

Pumping 

Gai.i.ons  Daily 

in  Million 

Boilers 

Engines 

Gallons  Daily 

1  

70 

120 

2 

4 

2  

1.50 

240 

4 

7 

3  

220 

:}00 

') 

8 

On  the  crjinpletion  of  the  third  >tage,  the  station  w<juld 
liavc  a  capacity  efjuivalent  to  that  of  the  ])roposed  Suffolk 
County  a(|ueduct  and  no  further  additions  need  be  made,  as 
the  collecting  works  are  pushed  nn  into  .Suffolk  county. 
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Estimated  Cost  of  Station 
The  pnmping-station  is  estimated  to  cost  as  follows,  com- 
plete with  station  buildings,  coal  handling  plant,  and  founda- 
tions for  entire  equipment.  Xo  allowance  is  made  at  this  point 
for  engineering  and  contingencies  : 


Stage  of 

construction 

Total  cost 

1  

  $1,977,900 

  2,543.000 

3  

  2,738.500 

The  detailed  estimates  of  cost  of  the  complete  Ridgewood 
station  are  shown  below.  Except  as  noted,  excavation  for 
foundations  has  been  estimated  at  v^l.50  per  cubic  yard.  Con- 
crete has  also  been  figured  at  vSS.OO  per  cubic  yard. 

cost  of  ridgewood  pumpixg-statiox 


FOUNDATIONS 


Engines,  boilers,  economizers  and 
tunnels   under   boilers,  and 


Stack. 


4, 175  cubic 

S33,400 

0,100  " 

excavation  

9,150 

275 

concrete  

2.200 

;^80  •' 

excavation  

570 

1.7S0  •' 

concrete  

14,200 

1(5,250  " 

24,400 

concrete  

2S.400 

27,500  '• 

excavation  at  $1.25. 

.M,50{) 

concrete  

12.000 

.j.ooo  •• 

excavation  

1.500 

$163,320 

BUILDINGS 


Pumping-station . 
Coal  storage .... 


Total . 


$7().'?,000 
21 1.51  1 


EQUIPMENT 

Eight  .35  million  gallons  daily  pumping-engines   SI, 400. 000 

Suction  and  discharge  pipes   28,500 

Steam  piping  and  covering   15,400 

5,000  H  P.  of  boilers    101.000 

Boiler  feed  pumps  ■  1.000 

Economizers   2r),500 

Stack   8.900 

Coal  handling  equipment   00,000 

Traveling  crane   7.400 

Electrical  equipment.  .    12.000 


$914,500 


$1,660,700 
$2,738,500 


The  total  co^t  of  coal  storage-  plant  may  j)os^il)ly  be  re- 
duced 1)\-  the  installation  of  a  Dodge  coal  storage  sy>tum  some- 
what similar  lo  that  usud  at  ])reseni  l)y  ihe  .\e\v  ^'ork  l-'.dison 
Conij)any.  at  Shady  Side.  X.  J.,  and  the  .Xassau  Eight  and 
I'ower  Companw  (  ilunwood.  .\'.  I.  I'ht-su  :ire  described  in 
the  l^ngineering  Record  of  .\Ia\  13.  1*M)5,  and  A|)ril  14,  I'^Of). 
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Cost  of  Operating  Plant 

In  order  to  make  a  safe  estimate  of  the  daily  station  duty 
oi  a  pnmping-plant  of  this  size,  it  was  deemed  advisable 
before  working  up  these  prehminary  designs,  to  study  the 
pumping  statistics  of  some  of  the  large  cities  of  the  United 
States.  In  all,  17  different  city  reports  have  been  carefully 
gone  over,  and,  where  possible,  the  station  duty  of  the  two 
different  types  of  high-duty  pumps  (direct  acting  and  crank 
fly-wheel )  has  been  tabulated. 

The  City  of  Xew  York  has  no  modern  high-duty  pumps 
such  as  are  installed  by  many  other  cities ;  the  prevailing  type 
in  use  is  the  Worthington  direct  acting  pump  with  high-duty 
attachment.  M  the  179th  Street  station  there  are  four  old 
btyle  crank  and  fly-wheel  pumps  made  by  the  Blake  Manufac- 
turing Company,  but  the  duty  of  these  engines  is  very  little, 
if  any,  better  than  that  of  the  two  Worthington  high-duty 
pumps  in  the  same  station. 

Table  30  is  a  tabulation  of  the  station  duties  of  several 
cities,  each  having  Worthington  high-duty  pumps.  This  table 
shows  that  the  Xew  York  pumps  are  doing  better  work  per 
100  pounds  of  coal  than  those  of  the  same  design  in  other 
cities,  indicating  that  the  pumps  here  are  in  good  condition 
and  under  good  management.  Referring  to  Table  31  it  will 
be  seen  that  the  Worthington  i)umps  in  Xew  York  are  doing 
as  well,  and  better  in  some  cases,  than  the  more  expensive 
fly-wheel  i)um])s  in  some  other  cities.  The  cause  of  poor  re- 
sults shown  by  fly-wheel  engines  in  these  cities  is  bad  man- 
agement and  neglect,  as  there  is  no  reason  why  they  should 
not  do  better  than  the  direct  acting  engines. 

Table  32  shows  a  list  of  high-duty  vertical  triple  expansion 
fly-wheel  engines,  which,  with  one  excej)tion,  have  a  duty  of 
100  million  foot  pounds  or  over  for  each  100  pounds  of  coal. 
These  are  all  modern  engines  except  the  Blake  pump  in 
Toronto. 

In  order  to  arrive  at  a  safe  station  duty  for  the  proposed 
Ridgewood  system  we  should  consider  the  following  facts  : 
ri)  Proposed  i)umps  are  of  lan^e  capacity  (35  million  gal- 
lons daily  each  )  and  arc  estimated  to  work  against  a 
high  head  (220  feet). 
(2)  Steam   would  be  furnished  by  water-tube  boilers  in 
batteries  of  1000  1 1.  P.  each.     Two  boilers  would 
make  up  one  battery,  instead  of  a  large  number  of 
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small  boilers,  as  at  present  in  many  stations  of  New 
York  City. 

(3)  Boilers  would  be  fired  by  mechanical  stokers. 

(4  )  The  City  uses  a  good  grade  of  coal  (  broken  anthracite). 

(5)  The  good  showing  per  100  pounds  of  coal  made  by 
Xew  York  high-duty  pumps. 

(6  )  This  would  be  the  largest  pumping-station  in  America, 
and  would  contain  the  largest  pumping-engines  ever 
built  in  this  country,  about  1450  indicated  horse 
power  each.  It  would,  no  doubt,  be  an  exhibition 
station.  Such  being  the  case,  the  machinery  would 
receive  better  care  than  that  of  an  ordinary  i)unip- 
ing-plant. 

(7)  A  growing  tendencN'  toward  higher  test  and  station 
duties  in  many  cities,  due  to  better  machinery,  bet- 
ter engineers  and  the  higher  price  of  coal. 
In  view  of  the  foregoing,  and  the  results  shown  in  Table 
32,  the  writer  thinks  that  it  is  within  the  limits  of  safety  to 
assume  a  station  duty  of  115  million  foot  ]:)ounds  per  100 
pounds  of  coal. 

In  estimating  the  cost  of  operating  the  proposed  station 
at  the  above  duty,  the  following  force  of  engineers  and  assist- 
ants is  assumed  to  be  employed  when  the  station  would  be 
completely  ef|uii)pe(l.  Salaries  are  based  upon  those  now 
paid  at  the  Ridgevvood  station  of  the  Brooklyn  works : 


1  Chief  Engineer   $2,500 

•'i  Assistant  Engineers  at  $1,800  per  annum   .5,400 

1  rierk   1.500 

24  Enginemen  at  $4.00  per  day   .35.040 

24  Oilers  at  $3.00  per  dav   2().280 

4  Cleaners  at  $2.00  per  dav   2.920 

Hi  Water  and  coal  tenders  at  $3.00  per  day    17.520 

1  Carpenter  at  $1,.500  per  annum   1.500 

1  Painter  at  $4.00  per  dav   1.252 

2  Machinists  at  $4.00  per  dav   2.505 

2  Machinists  helpers  at  $2.50  per  day   1.564 

1  Steam  fitter  at  $.3. .50  per  dav   1.092 

1  Steam  fitter  helper  at  $2.50  ner  day   782 

1  Foreman  of  Laborers  at  $.3.00  per  dav  93r) 

H  Laborers  at  $2.00  per  day   5.008 

90             Total   $105,797 

Oil  and  waste   $5,000 

Miscellaneous  supplies   5,000 

Repairs  to  pumps,  boilers,  stokers,  coal  conveyors,  etc..  buildings 

and  grounds                                                                                    35.000  45,000 

05.100  tons  of  coal  at  $4.95  per  ton 

Total   $473,042 

Cost  of  pumping  1  million  gallons  1  foot  high  from  above  figures  is   .?().()237 

(This  cost  per  million  foot-gallons  does  not  include  interest  on  invest- 
ment nor  depreciation) 

For  safety,  this  figure  has  been  increased  in  final  estimates  to   $0,025 
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It  is  interesting  to  compare  this  estimated  cost  with  the 
published  costs  of  pumping  in  other  cities,  which  are  shown 
in  Table  33.  Evidently  other  large  high-duty  engines  have 
shown  much  greater  economy  than  here  estimated,  and  a 
lower  figure  than  the  above  should  be  realized. 

Sheets  106  and  107.  Aces.  5292  and  530S  show  estimated 
costs  of  pumping  105,  210,  and  250  million  gallons  daily  at 
Ridge  wood  and  at  the  alternate  site  at  Fresh  creek.  In  mak- 
ing estimates  of  cost  of  coal  at  the  proposed  Ridge  wood  sta- 
tion, a  price  of  h^4.95  is  assumed  ;  this  is  the  amount  The  City  is 
now  paying  for  coal  delivered  by  rail  at  this  site.  Smaller  sizes 
of  anthracite  might  be  used  and  thus  effect  nuich  economy  in 
operation,  but  the  above  figure  is  adopted  to  be  on  the  safe 
side. 

ALTERXATlX'h:  SITE  FOR  STATION  AT  l-RI-Sll 

CREEK 

For  comparison  'with  the  project  for  a  station  at  Ridge- 
wood,  another  site  has  been  investigated  at  the  head  of 
Fresh  creek,  north  of  Canarsie,  where  tide-water  coal  could 
be  secured  by  some  expenditure  for  dredging.  The  location 
suggested  for  this  station  is  shown  on  Sheet  111.  Acc.  5039. 
The  general  arrangement  of  the  engine  room  and  boiler  house, 
and  the  coal  storage  ])lant  which  has  been  worked  out  in  some 
detail,  does  not  differ  nuich  from  thiit  of  the  Ridgewood 
station  and  is  not  re])roduced  here. 

The  I'^resh  Creek  site  offers  some  econom)-  in  operation 
because  of  cheaj)er  coal  at  tide  water.  Mr.  Kudolj)!!  Reimer, 
who  furnishes  the  coal  for  tlie  present  Ridgewoixl  station, 
states  that  he  could  deliver  coal  b\-  water  al  the  l""resh  Creek 
site  alongside  for  S4.55  per  ton.  but  otimales  arc  ba'-ed  on 
$4.60  per  gross  ton.  I'^n^tlierniore.  the  adoption  of  the  l''re>li 
Creek  location  would  a\-oi(l  the  heavy  excavation  for  the 
a(|ue(luct  on  tlu-  Ridgewood  hnc  west  of  Ritkin  a\-enne.  and 
would  al>o  avoid  the  danger  during  con>truction  of  interru])t- 
ing  the  >upnl\'  in  the  i)re>enl  conduits  running  to  the  existing 
Ridgi  wood  stations.  There  would  also  be  some  -ax  ing  ai  the 
PTesh  Crc-ek  site  in  shorti-r  force  uiaius  to  the  trunk  (lisiril)u- 
tiou  mains,  but  these  savings  would,  in  a  measure,  be  ollset 
by  a  longer  a(|Ueduct  to  l-'resh  creek,  by  the  cost  ot  siphons 
under  the  large  trunk  sewers  on  this  line,  expenditures  lor 
laud  f'M-  ihe  -tatitui.  and  by  the  of  drt-d-^ing  out  a  ehau- 
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nel  in  Fresh  creek  to  make  it  navigable.  Sheet  105,  Acc.  LJ 
136,  shows  design  of  siphon  on  this  line. 

A  comparison  of  the  total  cost  and  annual  expense  of  op- 
eration at  these  sites,  including  the  fixed  charges  on  the 
cost  of  the  complete  works  is  given  in  the  following  table, 
assuming  an  average  pumping  of  250  million  gallons  per  day: 


COMPARISON  OF  RIDGEWOOD  AND  FRESH  CREEK  SITES 
FOR  PROPOSED  PUMPIXG-STATIOX 


Items 

Proposed 

RiDGEWOOD 

Station 

Alternative 
Fresh  Creek 
Station 

COST  OF  AQUEDUCT  AND  STATION  FROM  COMMON  POINT  NEAR  FRESH  CREEK 

Land   $100,000 

Pumping-station  complete                                                  §2.738,500  2,908,500 

Aqueduct  and  appurtenances                                                  625,620               1.278. 840 

Force  mains                                                                          1,437,960  421,280 

Engineering  and  contingencies                                                960,420  921.720 

Total  

$5,762,500 

$5,630,340 

FIXED  CHARGES 

Sinking  fund,  0.887  per  cent  

$230,500 
51,113 

$225,214 
49,941 

OPERATING  EXPENSES 

Extraordinary  repairs  and  depreciation  

Operation  

92,762 
501,875 

73.736 
479.090 

$876,250 

$827,981 

There  would  evidently  be  a  saving  of  ^^^48,000  in  annual 
operating  expenses  in  choosing  the  Fresh  Creek  site.  This, 
however,  would  doubtless  be  reduced  by  some  economy  in 
labor  and  su])erinten(lence  at  the  Ridgewood  site  in  having 
all  the  Brooklyn  pumping-stations  together,  .so  that  the  actual 
saving  for  a  year  might  not  exceed  $40,000.  A  ])ari  of  this 
saving  is  due  to  the  shorter  force  mains  from  the  b^'csli  Creek 
station,  as  estimated  in  some  i)reliminary  studies  of  a  new 
distribution  system,  and  the  hnal  studies  nuiy  not  1)e  as  fav- 
orable for  this  site.  Furthermore,  the  estimate  on  tide-water 
coal  does  not  include  any  dredging  below  l^-esh  creek,  it  be- 
ing assumed  that  the  present  channel  in  Jamaica  l)a\-  is  navi- 
gable for  coal  l)arges.  IVrhaps  the  work  of  improvement  that 
has  been  suggested  in  jauiaica  bay  would  be  completed  by 
the  lime  the  station  was  linished.  Coal  is  now  brought  to 
Canarsie  bv  water  and  could  doubtless  be  carried  in  barges 
to  the  station  on  Im-cnIi  creek  after  the  dredging  here  estimated 
was  done.  l)nt  unk-ss  the  work  of  improvement  is  taken  up, 
Jamaica  bay  may  not  be  safely  navigable  for  large  barges  for 
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man}'  years.  The  Ridgewood  site  is  therefore  proposed  for 
the  preHminary  estimates  of  cost.  Further  investigation  is 
desirable. 

RR'ERHEAD  PUMPIXG-STATIOX 

An  equipment  of  centrifugal  pumps  electrically  driven 
from  a  central  power-station  would  be  installed  near  Sweezy 
pond,  at  Riverhead,  at  the  lower  end  of  the  Peconic  aqueduct 
and  collecting  works.  This  station  is  shown  on  Sheet  112, 
Acc.  5345,  and  is  estimated  to  cost,  with  equipment.  $75,000, 
exclusive  of  an  allowance  for  engineering  and  contingencies, 
which  is  added  in  the  total  estimates.  The  average  supply  of 
30  million  gallons  per  day  (maximum  50  million  gallons  daily) 
would  be  delivered  through  two  48-inch  cast-iron  mains, 
miles  in  length  to  the  summit  of  the  hill  towards  Westhamp- 
ton,  against  a  total  head,  including  friction  losses,  of  70  feet. 
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APPENDIX  11 

COST  OF  SUPPLY  FRO^I  THE  PROPOSED  SUFFOLK 
COUXTY  WORKS 

BV  WALTER  E.  SPEAR,  DIVISIOX  E.XGIXEER 

The  items  of  cost  of  the  proposed  Suffolk  County  works, 
which  are  discussed  in  detail  in  the  several  appendices  of  this 
report,  are  assembled  in  this  chapter  and  the  probable  cost  of 
the  supply  computed.  The  estimates  on  land  and  water  damages 
have  been  based  upon  the  payments  of  the  Department  of 
Water  Supply  in  Nassau  county  during  the  past  few  years, 
making  a  liberal  allowance  for  surveys  and  legal  expenses.  In 
all  items  of  cost,  20  per  cent,  has  been  added  to  cover  engi- 
neering and  unforeseen  contingencies.  The  various  estimates 
given  in  this  appendix  are  summarized  and  compared  in  the 
main  report,  pages  93  to  lOL 

COST  OV  \V(JRK'S  I'OR  230  ^HLLIOX  GALLOXS  PER 

DAY 

As  already  noted  in  the  preceding  pages,  the  Suffolk  County 
works  would  be  constructed  in  successive  stages,  at  intervals 
of  five  or  six  years,  as  required  to  meet  the  growing  consump- 
tion of  the  City.  I  before  the  first  stage  of  construction  could 
be  completed,  the  long  aqueduct  built  from  Suft'olk  county  to 
Brooklyn  borough,  and  the  pumping-station  erected  at  Ridge- 
wood,  it  would  be  possible,  upon  the  extension  of  the  proposed 
72-inch  ])i])e-line  to  Massa])equa  and  the  erection  of  the  pro- 
posed pumj)ing-stati(jn  at  that  i)oint  by  the  Department  of  Water 
Supply,  to  deliver,  perhaps,  50  milli(jn  gallons  per  day  to  Brook- 
lyn through  the  Ridgewood  system.  Estimates  have  therefore 
been  n^ade  on  a  preliminary  stage  of  the  Suft'olk  County  works, 
which  might  be  completed  within  two  years  after  tlie  time  of 
beginning  work,  to  furnish  an  emergency  supply  for  Brooklyn 
I)  /Tough. 

The  works  ref|uired  to  deliver  this  emergency  supply  from  • 
.Suffolk  cr)unty  through  the  Ridgewood  system  would  com- 
l)n^e  the  fir»t  10  mik's  of  the  arpieduct  and  collecting  works, 
easterly  from  the  .Vassau-Suffolk  County  line,  a  temporary 
power-station  near  Babylon,  about  two  miles  of  the  main 
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aqueduct  from  the  SufYolk  County  hue  to  ^lassapequa  Supply 
pond,  and  a  connection  on  the  east  side  of  this  pond  from  the 
aqueduct  to  the  proposed  station  of  the  Department  of  Water 
Supply  at  ]\Iassapequa. 

The  extent  to  which  the  proposed  Suffolk  County  system 
would  be  completed  at  each  sta^e  of  construction  is  summar- 
ized below : 


Average  Supply 


FOR  New 

Stage        York  City  Extent  of  Works 

Million  Constructed  for  This  Stage 
Gallons  Daily 


Preliminary. .  50  Construction  of  10  miles  of  aqueduct  and  collecting  works 
from  Nassau  County  line  to  Bayshore.  Temporary  power- 
plant  and  2  miles  of  main  aqueduct  from  Suffolk  county  to 
Massapequa  with  connection  to  Ridgewood  system 

1   70        Completion  of  main  aqueduct  from  Suffolk  county  to  Brooklyn 

borough  and  pumping-station  near  Ridgewood  with  equip- 
ment for  pumping  120  million  gallons  daily.  Extension  of 
aqueduct  and  collecting  works  in  Suffolk  county  to  Great 
River,  14.7  miles  from  Nassau  County  line,  and  construction 
of  permanent  power-station  near  Patchogue 

2   150        Extension  of  aqueduct  and  collecting  works  from  Great  River 

to  South  Haven,  29.5  miles  from  Nassau  County  line. 
Installation  equipment  for  pumping  240  milliongallons  daily 

3   220        Extension  of  aqueduct  and   collecting  works  from  South 

Haven  to  the  end  of  the  south  shore  development  at  Quogue, 
48.4  miles  from  Nassau  County  line.  Completion  of  equip- 
ment for  pumping  300  million  gallons  daily 

4   250        Construction  of  aqueduct  and  collecting  works  in  the  Peconic 

valley,  the  pumping-station  near  Riverhead,  and  the  force 
mains  and  aqueduct  from  this  station  to  the  south  shore 
aqueduct  at  Westhampton 

5   250        Completion  of  entire  works  by  building  the  aqueducts  and 

collecting  works  on  the  three  branch  lines  into  the  center 
of  the  island 


COST  Ol-  \\  ATb:K  b'KOAl  Tllb:Sk:  WORKS 

The  cost  of  these  works  at  the  several  stashes,  and  the  cor- 
respondiiiL^-  cost  of  the  sui)ply  ])er  million  j^allons,  which  have 
l)een  summarized  in  Table  2,  page  is  shown  in  detail  in 
Table  34.  The  estimates  of  the  annual  chari^es,  shown  in  this 
table,  include  the  fixed  chari;es  and  the  enlire  operating  ex- 
pense>  at  each  sta^e.  ITom  the  annual  expenditures  on  each 
project,  the  cost  of  each  million  L^allons  of  the  t(-)tal  supply  de- 
livered into  the  mains  of  r»roi)kl\n  a.^ainst  the  full  distribu- 
tion pressure  has  been  found.  'Idiis  figure  represents  the  prob- 
able aelual  cost  to  the  taxpayer  of  each  million  gallons  sup- 
plied from  the  Suffolk  County  sources,  exclusive  of  the  charges 
on  the  distribution  system. 


437 


TABLE  34 

p2stimates  of  cost  of  suffolk  county  works  and  total  annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply OF  250  ^IiLLioN  Gallons  Daily.  Preliminary 
Stage.  Average  Supply  of  50  ^Million 
Gallons  Daily 


Extraordinary 
Taxes  Repairs  and 

Depreciation 

Cost  —  '  •  '  — ^ 

Rate  Rate 

Per     Amount      Per  Amount 
Cent.  Cent. 


COLLECTING  WORKS 

Well  system 

Wells  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Buildings  above  ground  and  stack  

E'luipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads   

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Conduits  for  diversion  of  water  to  streams  and 
ponds.    L6wering  of  ponds  and  necessary 

changes  in  lieu  of  damages  

Engineering  and  contingencies,  20  per  cent  


Total. 


$63,600 

5.0 

$3,180 

226,000 

5.0 

11,300 

80,000 
5 1,000 
00,000 
3,000 

1.5 

'  1.0 
1.0 

$450 

900 
30 

2.0 
4.0 
3.0 
3.0 

600 
2,040 
2,700 
90 

15,000 
235,000  ' 

1.5 

225 

25.0 

3.5 

3,750 
8,225 

1.027.000 
500.000 
400.000 
220,000 

1.0 

10.270 

'  5.0 
2.0 

20,000 
4,400 

270,500 

0.4 

1,106 

0.1 

277 

165,000 
660,420 

2.0 

3.300 

$3,962,520 

$12,981 

$59,862 

WORKS 

$5,000 

1.5 

.¥75 

2.0 

yioo 

62.000 

10 

620 

2.478,000 

0.1 

2,480 

5,000 
55,000 

1.0 

50 

2.0 
1.0 

100 

550 

38,0(K) 

2.0 

760 

Pumping-stations;  buildings  taxed  outside  City  limits 
Aqueduct  lines 

Lands  in  Nassau  and  Queens  

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells  

Special  structures 

Above  ground  

Below  ground  

Fencing  and  special  improvements.  Queens  and 

Nassau  

Land  damages.  Queens  and  Nassau.  .                           15,()()f)      ....         ....  ....   

Engineering  and  contint{enrifs.  20  per  rent                         532.000       ....         ....  ....   

Total   $3,190,000    $745    $3,990 

ANNUAL  CHARGES 

Collect-  Transpor- 

ing  tation 

Works  Works 

Interest  on  total  cost  at  4  per  cent                                                                $158,500  $127,600 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)                                                               35,100  28,300 

Taxes  and  special  assessments                                                                             13,000  740 

Extraordinary  repairs  and  depreciation                                                                59,900  1,000 

Operating  expenses  and  maintenance                                                                   12X,;^.0()  i;53.Sf)0 

Totals                                                                                            $394,800  $294,500 

Grand  total   $689,300 

Total  amount  of  water  supplied  in  million  gallons,  365  x  50  =   18,250 

Cost  of  supply  per  million  gallons   $37.77 


No  reservoirs  required  in  preliminary  stage  on  salt-water  estuaries  and  no  land  outside  of  aque- 
duct right-of-way  required  for  central  power-station.    No  temporary  works  in  this  stage. 
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TABLE   34  {Continued) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply OF  250  ^Million  Gallons  Daily.     Stage  1. 
Average  Supply  of  70  Million  Gal- 
lons Daily 


Taxes 

Cost  •  •  

Rate 

Per  Amount 
Cent. 


Extraordinary 
Repairs  and 
Depreciation 


Rate 

Per  Amount 
Cent. 


COLLECTING  WORKS 

Well  system 

Wells   $8L650 

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections   334.000 

Transmission  system  substations 

Land  outside  right-of-wav   83.000 

Substation  buildings   42.000 

Equipment   68.000 

Line,  poles,  wire,  etc   118,000 

Telephones....   4,200 

Central  power-station 

Land   10,000 

Buildings 

Above  ground   658,000 

Foundations   64,000 

Equipment   293,000 

Land  for  right-of-wav,  borrow-pits,  spoil-banks  and 

roads  '   1,819.000 

Land  and  water  damages   735,000 

Highways   578,000 

Fencing  and  special  improvements   266,000 

Infiltration  basins  for  utilization  of  surface  flood 

waters   276,500 

Conduits  for  diversion  of   water  to  streams  and 
ponds.     Lowering   of  ponds  and  necessary 

changes  in  lieu  of  damages   200.000 

Temporary  works,  preliminary  stage   In. {)[){) 

Engineering  and  contingencies,  20  per  cent   1,129.070 

Total   $6,774,420 

TRANSPORTATION  WORKS 

Pumping-stations 

Buildings  taxed  outside  Citv  limits   $1,078,000 

Equipment   885,000 

Aqueduct  lines 

Lands  in  Nassau  and  Queens   ()34.0()() 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   8,861,000 

Special  struc  tares 

Above  ground   32,000 

Below  ground   438,000 

Fencing  and  special  improvements,  Queens  and 

Nassau   327,000 

Land  damages,  Queens  and  Nassau   153,000 

Temporary  connection  at  Massapequa   60,000 

Aqueduct  gate-house   5,000 

Engineering  and  contingencies,  20  per  cent   2,49  1,600 

Total   $14,967,600 

annual  charges 

Collect- 
ing 
Works 

Interest  on  total  cost  at  4  per  cent   $270,980 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)   o  qcR 

Taxes  and  special  assessments   '■_  .9 

Extraordinary  repairs  and  depreciation   90,560 

Operating  expen.ses  and  maintenance   l.).),()3() 

Totals   $608,600 

Grand  total  

Total  amount  of  wat'T  supplied  in  million  gallons,  365  x  70  =  

Cost  of  supply  per  million  gallons  


1.0 


1.0 


6,340 


320 


$22,830 


o.u 

5.0 

16,700 

1.0 

$830 

1.5 

630 

"  2.0 

840 

4.0 

2,720 

V.O 

1.180 

3.0 

3,540 

1.0 

42 

3.0 

126 

1.0 

100 

1.5 

9,870 

2.0 

13,160 

1.0 

640 

3.5 

10,250 

1.0 

18,190 

5  0 

28,900 

2.0 

5,320 

0.4 

1,106 

0.1 

277 

2.0 

4,000 

$31,948 

$90,556 

1.5 

$16,170 

2.0 

$21,560 

3.5 

30,975 

0.1 

8,861 

2.0 

640 

1.0 

4,380 

2.0 

6,540 

o.i 

60 

2.0 

100 

$73,116 


Transpor- 

T.VTION 

Works 
$598,704 

132,762 
22,830 
73,116 

153,000 

$980,412 

$1,589,000 

25,550 
$62.19 


No  reservoirs  on  salt-water  estuaries,  nor  buildings  on  well  system  required  in  first  stage. 
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TABLE   34  {Continued) 

estemates  of  cost  of  suffolk  couxty  works  and  total  axxtal 
Expenditures  and  Cost  of  Water  Based  L'pox  Fixed  Charges 
AND  Operatix'g  Expexses.  Project  for  Permanext  Sup- 
ply OF  250  AliLLiox  Gallons  Daily.     Stage  2. 
Average  Supply  of  150  ^Million  Gal- 
lons Daily 

Extraordinary 
Taxes  Repairs  and 

Depreciation 

Cost  "  '  ■ 

Rate  Rate 
Per  Cent.  Amount  Per  Cent.  Amount 

COLLECTING  WORKS 

Well  svstem 

Wells   $223,180    .5.0  811,159 

Buildings   5,000 

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections   694,000 

Transmission  system  substations 

Land  outside  right-of-way   83,000 

Substation  buildings   84,000 

Equipment   129,000 

Line,  poles,  wire,  etc   173,000 

Telephones   5,800 

Central  power-station 

Land.   10,000 

Buildings 

Above  ground   658,000 

Foundations   64,000 

Equipment   508,000 

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads   2.280.000 

Land  and  water  damages   1.485,000 

Highways   1,209,000 

Fencing  and  special  improvements   438,000 

Infiltration  basins  for  utilization  of  surface  flood 

waters   442,000 

Reservoirs  on  salt-water  estuaries   301,600 

Conduits  for  diversion  of  water  to  streams  and 

ponds.     Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages   300.000    2.0  6,000 

Temporary  works,  preliminary  stage   15,000      ....         ....  ....   

Engineering  and  contingencies,  20  per  cent   1.821,516      ....         ....  ....   

Total   $10,929,100        .    .    $39,094        ....  $165,998 

TRANSPORTATIO.N  WORKS 

Pumping-stations 

Buildings  taxed  outside  City  limits   $1,078,000  1.5   $16,170  2.0  $21, .560 

Equipment   1,479,000    3,5  51,765 

Aqueduct  lines 

Lands  in  Nassau  and  Queens   634,000  1.0  6,340   

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   11,885,000  ....         ....  0.1  11.885 

Special  structures 

Above  ground   51,000  1.0         510  2.0  1,020 

Below  ground   .504,000    1.0  5.040 

Fencing  and  special  improvements.  Queens  and 

Nassau   327.000    2.0  6,540 

Land  damages.  Queens  and  Nassau   153.000  ....         ....  ....   

Engineering  and  contingencies,  20  per  cent   3.222,200  ....         ....  ....   

Total                                                          $19,333,200            .    $23,020  $97,810 

ANNUAL  charges 

Collect-  Transpor- 

ing  tation 

Works  Works 

Interest  on  total  cost  at  4  per  cent                                                                  $437,170  $773,328 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)                                                              96,940  171,485 

Taxes  and  special  asse.ssments                                                                             39,100  23.020 

Extraordinary  repairs  and  depreciation                                                              166,000  97,810 

Operating  expenses  and  maintenance                                                                 277,250  354,900 

Totals   $1,016,500  $1,420,500 

Grand  total   $2,437,000 

Total  amount  of  water  supplied  in  million  gallons,  365  x  150  =   54,750 

Cost  of  supply  per  million  gallons   $44.51 


1.5 

$75 

2.0 

100 

5.0 

34,700 

1.0 

830 

1.5 

1,260 

2.0 

1,680 

4.0 

5,160 

LO 

1,736 

3.0 

5.190 

1.0 

58 

3.0 

174 

1.0 

100 

1.5 

9,870 

2.0 

13,160 

1.0 

640 

3.5 

17,780 

1.0 

22,800 

"  5.0 

60,450 

2.0 

8,760 

0.4 

1,768 

0.1 

442 

0.2 

603 

0.2 

603 
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TABLE   34  {Continued) 

Estimates  of  Cost  of  Suffolk  Coi'xtv  Works  and  Total  Axxual 

EXPEXDITL'RES  AXD  CoST  OF  WaTER  BaSED  UpOX  FiXED  ChARGES 

AXD  Operating  Expexses.  Project  for  Permanent  Sup- 
ply OF  250  ]\IiLLiox  Galloxs  Daily.     Stage  3. 
Average  Supply  of  220  Million  Gal- 
loxs Daily 


Extraordinary 
Taxes  Repairs  and 

Depreciation 

Cost        —  '  •  ■  ■  

Rate  Rate 
Per  Cent.  Amount  PerCent.  Amount 


COLLECTING  WORKS 

Well  system 

Wells  

Buildings  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Land  outside  right-of-way  

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Land  

Buildings 

Above  ground  

Foundations  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Reservoirs  on  salt-water  estuaries  

Conduits  for  diversion  of  water  to  streams  and 

ponds.    Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages   47.5,000    2.0  9M)0 

Temporary  works,  preliminary  stage   l.).0()0      ....         ....         ....         •  ;  •  •  • 

Engineering  and  contingencies,  20  per  cent   2. .")<»(•. 700   

Total   $15,598,200    $47,003    $247,3G9 

TRANSPORTATION  WORKS 

^"""SLTlingstaLd  outside  City  limits   S1.07S.000         1.5   $l(i.l70  2.0  .?21,.5(U) 


$392,260 

5.0 

S19,613 

7,000 

'  V.5 

$105 

2.0 

140 

1,131.000 

5.0 

56,550 

83.000 

1.0 

830 

120,000 

1.5 

1,890 

'  2.0 

2.520 

196.000 

4.0 

7.840 

267,000 

'  1.0 

2,670 

3.0 

8,010 

9,200 

1.0 

92 

3.0 

276 

10,000 

1.0 

100 

658,000 

1.5 

9,870 

2.0 

13,160 

64,000 

1.0 

640 

616,000 

3.5 

21.560 

2,804.000 

1.0 

28,040 

2,427,000 

1,876,000 

5.0 

93.800 

581,000 

2.0 

11.620 

442,000 

0.4 

1.768 

0.1 

442 

819,000 

0.2 

1,638 

0.2 

1.63S 

Equipment. 


1,6()1.000    3.5  5S.13,- 


^'^^LandVin'xassau  and  Queens   634.000         1.0  6..340   

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   14,432,000    0.1  14,432 

Special  structures  ,ww,  .  ,>          --/>           on  i  -  n\ 

Above  ground   77,000  I.O          ,  ,0          2.0  l..>40 

Below  ground   ^02,000    1.0  6,020 

Fencing  and  special  improvements.  Queens  and 

Nassau   327,000    -.n  (),.HU 

Land  damages.  Queens  and  Nassau   L)3,()00  ■  ■   

Engineering  and  contingencies,  20  per  cent   .3.7<t2.s()() 

Total   $22,756,800  $23,280  $108,227 

ANNUAL  CHARGES 

Col.LI'X  I-  TUANSPOK- 

inc  tation 
Works  Works 

Interest  on  total  co.st  at  4  per  cent.     ,  ,  •  ;  •  •  S'-'-^^'^^O  *^'1().270 

Sinking  fund  to  pay  bonds  at  end  of  oO  years,  interest  at  3  per  cent. 

(0.H87  per  cent,  of  cost  per  year)   ^  .^nn>  -vl  oc 

Taxes  and  special  assessments   i  /  .nu.i 

K;xlraordinary  repairs  and  depreciation.  •.  

Operating  expenses  and  maintenance  


217,309  108.22'; 
42L470  199,200 


Total.  . 
Grand  total 


$1,478,068  $1,742,827 
$3,220,900 


Total  amount  of  water  supplied  in  million  gallons,  365  x  220  =    $4*0  11 

Cost  of  supply  per  million  gallons   
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TABLE   34:  (Continued) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Per:manent  Sup- 
ply OF  250  ^Million  Gallons  Daily.     Stage  4. 
Average  Supply  of  250  AIillion  Gal- 
lons Daily 


Extraordinary 
Taxes  Repairs  and 

Cost  Depreciation 


Rate  .  Rate 

Per  cent.  Amount  Per  cent.  Amount 


S434,260 

5.0 

$21,713 

7,000 

1..5 

si  05 

2.0 

140 

1,290,000 

5.0 

64,500 

83.000 

1.0 

830 

151.000 

1.5 

2,265 

'  2.0 

3,020 

2 13.. 500 

4.0 

8,. 540 

298.000 

'  V.O 

2.980 

3.0 

8,940 

10,000 

1.0 

100 

3.0 

300 

10.000 

1.0 

100 

(j.58,000 

1.5 

9,870 

2.0 

13,160 

(54,000 

1.0 

040 

016,000 

3.5 

21,560 

3,02(),000 

1.0 

30,260 

2,642,000 

2,122,000 

5.0 

106,100 

642,000 

2.0 

12,840 

442,000 

0.4 

1.768 

0.1 

442 

819,000 

0.2 

1 .638 

0.2 

1,638 

collecting  works 

"Well  system 

Wells  

Buildings  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Land  outside"right-of-way  

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones    

Central  power-station 

Land  

Buildings 

Above  ground  

Foundations  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilisation  of  surface  flood 

waters  

Reservoirs  on  salt-water  estuaries  

Conduits  for  diversion  of  water  to  streams  and 

ponds.    Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages   515.000      ...         ....  2.0  10,300 

Temporary  works,  prelim.inary  stage   15.000      .    .  ...         .  .   

Engineering  and  contingencies,  20  per  cent   2,811,550      .    .  .    .  .  ..   

Total     $16,869,310  .         $49,916  $273,833 

transportation  works 

Pumping-stations 

Buildings  taxed  outside  City  limits   $1,108,000  1.5   §16,620          2.0  $22,160 

Equipment   1,693,500    3.5  59,272 

Aqueduct  lines 

Lands  in  Nassau  and  .Queens   631,000         1.0  (i,340   

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   15.064,000    0.1  15,064 

Special  structures 

Above  ground   77,000  1.0         770          2  0  l,.-340 

Below  ground   618,000    1.0  6,180 

Fencing  and  special  improvements.  Queens  and 

.N'assau   327.000    2.0  6,540 

Land  damages.  Queens  and  Nassau   153,000  ....         ....         ....  .... 

Engineering  and  contingencies,  20  per  cent   3,934,900      ....         ....  ...   

Total     $23,609,400  $23,730  $110,756 

an'xual  charges 

Trans- 

collectinc;  p( 
Works 

Interest  on  total  cost  at  4  per  cent  

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)  

Taxes  and  special  assessments  

Extraordinary  repairs  and  depreciation  

Operating  expenses  and  maintenance  

Totals  

C/rand  total .  .   


COLLECTINC; 

portation 

Works 

Works 

$674,772 

.'?944,380 

149,600 

209,420 

49.920 

23,730 

273,833 

1 1(),7()0 

520,070 

623,400 

$1,668,200 

$1,911,690 

$3,579,900 

91,250 
$39.23 
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TABLE    :U  {Concluded) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply OF  250  ^Million  Gallons  Daily.     Stage  5. 
Average  Supply  of  250  Million  Gal- 
lons Daily 


Extraordinary 
Taxes  Repairs  and 

Cost  Depreciation 


Rate  Rate 
Per  cent.  Amount  Per  cent.  Amount 


COLLECTING  WORKS 

Well  system 

Wells  

Buildings  

Pumps,  motors,  concrete  chambers  below- 
ground,  control  and  all  connections  

Transmission  system  substations 

Land  outside  right-of-way  

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Land  

Buildings 

Above  ground  

Foundations  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Reservoirs  on  salt-water  estuaries  

Conduits  for  diversion  of  water  to  streams  and 

ponds.     Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages  

Temporary  works,  preliminary  stage   L"),0()()      ....         ....  ....   

Engineering  and  contingencies.  20  per  cent   .'MiTO.  1  SO      ....         ....         ....  .... 

Total   $22,021,100      .    ..    $62,025    $365,373 

TRANSPORTATION  WORKS 

Pumping-stations 

Buildings  ta.xed  outside  Citv  limits   $1.10S.000  1.5   $10,620  2.0  S22.1(iO 

Equipment   1,()93.5()0    ;^.')  ')9.27.S 

Aqueduct  lines 

Lands  in  Nassau  and  Queens   ()8-J.000  LO  (i,340   

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   l().:ni,000    0.1  l(;.;ni 

Special  structures 

Above  ground   79.000  1.0         790  2,0  1,.)S0 

Below  ground   (•.o4,000    1.0  <),r)40 

Fencing  and  special  improvements.  Queens  and 

Xassau   327.000    2.0  r.,.VI() 

Land  damages.  Queens  and  Nassau   l.')3,()00 

Engineering  and  contingencies,  20  per  cent.  .  .  1.191,900 

Total   $25,151,400  $23,750  $112,404 

ANNUAL  CnAR(U^:S 

Tk.vns- 


$795,410 

5.0 

$39,770 

7,000 

'  15 

$105 

2.0 

140 

1,929,000 

5.0 

96,450 

83,000 

1.0 

830 

183,000 

1.5 

2.745 

'  2.0 

3,660 

28  L  500 

4.0 

11,260 

340,000 

'  1.0 

3,400 

3.0 

10.200 

12,. 500 

1.0 

125 

3.0 

375 

10,000 

1.0 

100 

058.000 

1.5 

9,870 

2  0 

13,160 

04,000 

1.0 

640 

724,000 

3.5 

25.340 

3,917,000 

1.0 

39,170 

3,479,000 

2.709.000 

'  5.0 

135.450 

799,000 

2.0 

15,980 

1.010,500 

0.4 

4.042 

0.1 

1.010 

819,000 

0.2 

1,638 

0.2 

1,638 

515.000 

2.0 

10,300 

Interest  on  total  cost  at  4  per  cent  

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(().HH7  per  cent,  of  cost  per  year)  

Taxes  and  special  as.scssments  

Extraordinary  repairs  and  depreciation  

Operating  expenses  and  ni.iint cn.iiKH' 

Totals  

Grand  total  


Total  amount  of  water  supplied  in  million  gallons,  305  x  250= 
Cost  of  supply  per  million  gallons  


COLLECTIN<. 

POKTATION 

Works 

Works 

$K80,800 

$1,000,100 

195.300 

223,100 

02.025 

23.750 

305.370 

1 12,400 

557.970 

(;()1,8(I0 

$2,001,470 

$1,967,160 

$4,028,620 

91.250 

$44.15 
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BASIS  OF  ESTIMATES 
The  basis  of  these  fixed  charges  and  the  allowances  for 
depreciation  and  for  maintenance  and  operation  are  presented 
in  the  following  pages. 

Interest 

Interest  on  the  bonds  issued  to  cover  the  cost  of  these 
works  has  been  estimated  at  4.0  per  cent,  assuming  that  these 
would  be  issued  for  a  term  of  50  years.  While  recent  issues 
have  borne  a  higher  rate,  it  is  quite  probable,  with  the  passing 
of  the  present  financial  stringency.  The  City's  bonds  may  be 
taken  at  a  still  lower  rate  of  interest  than  here  estimated. 

Sinking  Eund 

An  allowance  has  been  made  for  annual  payments  for  50 
years,  which,  with  accrued  interest,  would  amount  to  a  sum 
sufficient  at  the  end  of  this  time  to  pay  off  the  entire  bond  issue. 
The  sinking  fund  requirements  would  be  0.887  per  cent,  each 
year  on  the  entire  cost  of  the  works. 

Taxe.s 

Taxes  are  paid  on  the  Ridge  wood  works  in  Xassau  county 
on  all  lands  and  all  buildings  and  other  structures  above 
ground.  Xo  payments  are  made  on  aqueducts,  culverts,  and 
other  works  below  the  ground  surface. 

I'nlike  the  works  of  most  surface-water  supplies,  the  pro- 
po';ed  Suffolk  County  works  would  not  remove  from  taxation 
any  large  amount  of  property  for  reservoir  purposes.  Indeed, 
the  betterments  proposed  on  the  right-of-way  to  be  acquired 
would  increase  the  value  of  taxable  property  in  its  vicinity. 
Annual  payments  of  1.0  per  cent,  upon  the  cost  of  all  lands 
and  small  special  structures  on  the  aqueduct  have  been  esti- 
mated, and  1.5  per  cent,  has  been  allowed  on  the  cost  of  all 
buildings.  To  cover  taxes  and  special  assessments  on  the  in- 
filtration basins  and  reservoirs,  0.4  per  cent,  has  been  taken  on 
the  entire  cost  of  the  former  and  0.2  per  cent,  on  the  latter. 

EXTKAOKDIXAKV  KeF'AIKS  AND  DEPRECIATION 

Liberal  estiir.ates  cm  ilie  dei)reciation  of  the  works  have 
been  made  in  order  that  all  structures  may  be  maintained  in 
]:)crfect  repair  and  all  e(|uipmciit  replaced  when  worn  out  or 
inefficient. 
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LAND.  Xo  depreciation  is  figured  on  the  land  required.  Its 
value  would  doubtless  increase  with  the  improvements  pro- 
posed. 

RKSERNoiRs.  An  annual  charge  of  0.2  per  cent,  on  the  cost 
of  the  reservoirs  or  guard  ponds  is  estimated  to  cover  depre- 
ciation in  embankments.  An  allowance  of  only  0.1  per  cent,  is 
made  on  the  infiltration  basins  which  would  be  in  service  for 
only  a  portion  of  the  year. 

MASONRY  AQUEDUCTS.  Xo  depreciation  should  be  charged 
on  the  generally  low  aqueduct  embankments,  as  these  would 
be  cared  for  in  the  general  maintenance  and  operation  of  the 
works.  The  masonry  acpieducts  would,  however,  recpiire  petty 
repairs  now  and  then,  and  once  in  a  while  considerable  repair 
work  might  be  necessar}^  through  settlements  in  their  founda- 
tions caused  by  carelessly  sinking  wells.  An  allowance  of  0.1 
f)er  cent,  is  made  on  the  total  cost  including  earth  work. 

STEEL-PJPE  LINES,  The  life  of  steel  pipes  may  be  safely 
placed  at  30  years,  and  the  allowance  for  extraordinary  repairs 
and  depreciation  would  be  2.0  per  cent. 

SPECIAL  MASONRY  STRUCTURES.  An  allowance  of  2.0  per 
cent,  is  made  for  the  structures  above  ground  that  would  be 
exposed  to  depreciation  from  fioods,  frost  and  other  causes. 
Only  1.0  ])er  cent,  is  figured  in  masonry  structures  below 
ground. 

CATE.s^  15LOW-0FFS  AND  SPECL\L  IKOX  STRUCTURES.  An  al- 
lowance of  2.0  per  cent,  is  made  for  these  to  cover  renewals 
at  the  end  of,  say,  30  years. 

WELi.s.  It  is  reasonably  safe  to  assume  that  ])roi)erl)'  de- 
signed wells  wnuld  have  a  life  of  15  years.  An  allowance  of 
5.0  per  cent,  made  on  these  estimates  is  there  tore  am])le. 

:\u\soxR\'  wi'j.L  (11  AM  I'.i'-.RS.  Tlicse.  like  special  masonry 
structures,  ma\'  be  estimated  at  1.0  i)er  cent. 

MO'IORS     AXI)     i:i.I-:CTRICAI.     !•:(  j  I '  I  T  M  I'"- N  I"     IX     PU  M  1*- 1 1  OUSl-.S, 

'i"he>e  ai'c  cx])<)>('(l  to  more  moisture  than  is  d(.'siral;le  lor  the 
l)est  operation  of  electrical  e(|nipnient.  and  allowance  of  ."^.O 
per  cent,  is  made  to  co\-er  exl raordinarx  repairs  and  renewals. 

iMMi's  IX  wia.i,.  A  satisfactory  form  of  pump  lia-  not  \er 
been  found.  W'liatever  type  is  a(l(»pti-(l  it  is  likely  tliat  a  pump 
at  a  depth  of  40  to  50  feet  below  tlie  snrface  would  suffer 
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much  from  inattention,  and  an  allowance  of  5.0  per  cent, 
of  cost  is  estimated  to  cover  renewals  of  parts  subject  to  wear. 

ELECTRIC  SUBSTATIONS.  The  buildiugs  may  be  estimated 
at  2.0  per  cent,  and  the  equipment  at  5.0  per  cent. 

ELECTRIC  TRANSMISSION  AND  DISTRIBUTION.     An  allowanCC 

of  3.0  per  cent,  for  concrete  poles  and  wire  of  transmission 
lines  has  been  made. 

CENTRAL  POWER-STATION.  The  chargc  for  depreciation  of 
the  building-  is  placed  at  2.0  per  cent.  The  generators  should 
have  a  life  of  20  years,  and  a  depreciation  of  3.5  per  cent,  is 
made.  For  the  boilers  5.0  per  cent,  is  allowed,  and  for  the 
engines  3.0  per  cent.  An  average  for  the  entire  equipment  is 
placed  at  3.5  per  cent. 

PUM PING-STATION  AT  RiDGEWooD.  An  allowauce  of  2.5  per 
cent,  is  reasonable  for  the  depreciation  on  the  high-duty  pump- 
ing-engines,  and  5.0  per  cent,  may  be  allowed  for  the  boilers. 
The  average  for  the  entire  c(|uipment  would  be  3.5  per  cent. 

PUMPiNG-STATiON  AT  RivERHEAD.  This  is  uot  a  large  item, 
and  the  depreciation  on  the  motors  and  pumps  may  be  esti- 
mated at  5.0  per  cent. 

HIGHWAYS.  While  the  force  employed  on  the  right-of- 
way  should  be  able  to  keep  the  macadam  roads  in  repair,  they 
would  very  likely  require  reconstruction  from  time  to  tune  if 
they  should  be  used  for  heavy  motor  traffic.  An  allowance  of 
5.0  per  cent,  is  made. 

FE.\CI.\(;    AM)   SPIXIAL    I M  PRO\EM  EXTS.      Au    allowaUCC  of 

2.0  per  cent,  is  made  for  extraordinary  repairs  due  to  break- 
age and  rusting  of  the  wire  fencing  proposed,  and  for  renewals 
of  parks  and  other  improvements. 

(  )i'i:r ATiox  AXD  Maixtexance 

COLLECTIN(;  WORKS 

The  cost  of  operating  the  pumping  system  of  the  collect- 
ing works  has  already  been  computed  in  Appendix  6.  In 
addition  to  the  figures  there  estimated,  a  further  annual 
charge  of  $1000  ])er  mile  of  collecting  works  ha.<;  be'en  made 
for  additional  electricians,  machinists  and  laborers,  to  make 
repairs  on  motors,  ])umps  and  wells,  and  maintain  other  por- 
tions of  the  collecting  works.  On  the  branch  lines,  only 
S500  per  mile  lias  been  estimated  because  the  e(|uipment 
there  would  not  be  operated  cnitinuousl}'. 
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The  four  infiltration  basins  can  readily  be  cared  for  by  the 
force  employed  along-  the  aqueduct  lines.  An  estimate  of 
$3000  per  year  is  made  for  salaries  of  attendants  at  each  of 
the  hve  reservoirs  on  the  salt-water  estuaries  where  locks  would 
be  built.  The  care  of  the  embankments  and  slopes  of  these 
and  the  smaller  reservoirs  along-  the  south  shore  would  be  left 
to  the  men  similarly  employed  on  the  aqueduct  line.  The  cost 
of  maintenance  of  the  water-levels  in  the  private  ])onds  is  also 
included  in  the  cost  of  operation  of  the  collecting  works. 

TRANSPORTATION  WORKS 

Most  of  the  cost  of  transportation  is  incurred  at  the  pump- 
ing-stations  at  Brooklyn  and  Riverhead,  which  is  given  in 
Appendices  6  and  10.  An  estimate  of  $500  per  year  for  each 
mile  of  aqueduct  is  included  in  the  annual  operating  expenses 
of  the  transportation  works  to  cover  cleaning  of  aqueducts 
and  care  of  special  structures,  and  all  necessary  work  on  aque- 
duct embankments  and  right-of-way.  The  highways,  fencing 
and  other  improvements  would  also  be  maintained  by  the  men 
provided  in  this  estimate. 

COST  OF  WORKS  FOR  150  MILLIOX  GALLONS  PER 

DAY 

I'or  comparison  with  the  project  here  proposed  for  the 
complete  development  of  the  Suffolk  County  sources,  another 
for  only  150  million  gallons  per  day  has  been  estimated  in 
order  to  learn  if  there  would  l)e  aiiv  economy  in  hrst  construct- 
ing an  aqueduct  of  only  150  million  gallons  daily  cai)acit\ .  and 
at  the  end  of,  say,  20  years  duplicating  the  first,  when  the 
entire  vield  of  the  Suffolk  C"ounl\-  watershed  would  be  ro(iuired. 

I^XTKNT  ()|-  Works 

'i"he  works  for  a  >U])])ly  of  150  million  gallons  ])er  day  need 
be  constructed  only  as  far  as  South  Ilaven,  which  is  the  limit 
of  the  works  in  the  second  stage  of  tlie  complete  (le\eloj>nient 
of  250  million  gallons  per  daw  Hie  tir>t  two  stages  and  the 
])reliminary  stage  would  be  identical  in  the  two  projects,  ex- 
cej)ting  that,  for  tlie  works  prox'idiug  only  150  million  gallons 
dailw  the  a(|nediu-t  from  Suffolk  county  to  Brooklyn  would 
]ia\i'  a  nominal  capacity  onl\-  sufficient  for  this  yield,  and  the 
main  >outh  shore  a(|ue(lnct  in  .'^ulTolk  county  would  be  ])ropor- 
lionately  smaller  tlian  that  of  the  pre\  ions  project. 
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The  third  and  last  stage  of  the  works  for  150  million  gallons 
per  day  would  include  two  branch  lines  (^Melville  and  Connet- 
quot)  into  the  center  of  the  island.  These  would  be  identical 
with  those  provided  in  the  complete  development. 

The  extent  of  these  works  completed  at  each  stage  is  sum- 
marized below  : 


Average  Supply 
FOR  New- 
Stage      York  City  Works  Constructed  at  This  Stage 
Million- 
Gallons  Daily 


Preliminary. .  50  Construction  of  10  miles  of  aqueduct  and  collecting  works 
from  Nassau  County  line  to  Bayshore.  Temporary  power- 
plant  and  2  miles  of  main  aqueduct  from  SuflFolk  county 
to  Massapequa  with  connection  to  Ridgewood  system 

1   70        Completion  of  main  aqueduct  from  Suffolk  county  to  Brooklyn 

borough  and  pumping-station  near  Ridgewood,  with  equip- 
ment for  pumping  120  million  gallons  per  day.  Extension 
of  aqueduct  and  collecting  works  in  Suffolk  county  to 
Great  River.  14.7  miles  from  Nassau  County  line,  and 
construction  of  permanent  power-station  near  Patchogue 

2   150        Extension  of  aqueduct  and  collecting  works  from  .  Great 

River  to  end  of  this  development  at  South  Haven,  29.5 
miles  from  Nassau  County  line.  Completion  of  pumping- 
equipment  at  RidgeWood  to  handle  200  million  gallons 
per  day 

3   150        Completion  of  this  project  by  building  the  aqueduct  and 

collecting  works  on  the  two  branch  lines  into  the  center  of 
the  island  to  Melville  and  Lake  Grove 


Cost  of  \\'.\ter  from  These  W^orks 

The  cost  of  works  and  the  supply  from  them  is  computed 
in  Table  35  in  the  same  manner  as  estimates  for  the  project 
for  250  million  gallons  j)er  day.  The  results  are  summarized 
in  Table  2  with  those  of  the  complete  develo])ment. 

T[-MP()RAin'  WORKS  IX  SUFFOLK  COUXTY 

ICstimates  of  cost  have  also  been  made  on  two  projects 
for  the  temporary  development  of  50  and  100  million  gallons 
jjcr  day.  respectively,  supposing  that,  at  the  expiration  of  10 
years,  an  abundant  supply  from  the  Catskill  sources  is  avail- 
able and  that  the  works  in  Sufifolk  county  could  be  disposed  of. 

In  both  of  these  temporary  projects,  it  is  assumed  that  the 
supply  would  be  delivered  to  the  Ridgewood  system  at  Massa- 
pequa and  pumped  through  the  proposed  extension  of  the 
72-inch  steel  pipe  to  i'rooklyn,  as  pro\-ide(l  in  the  preliminary 
stage  of  the  ])ermanent  works.  F'or  the  project  for  100  mil- 
lirm  gallons  per  day,  the  entire  head  from  the  pumps  at  Mas- 
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TABLE  35 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Cpon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply OF  150  AIiLLioN  Gallons  Daily.  Preliminary 
Stage.   Average  Supply  of  50  Million 
Gallons  Daily 


Extraordinary 
Taxes  Repairs  and 

Cost  Depreciation 


Rate  Rate 
Percent.  Amount  Per  cent. Amount 


$63,000 

5.0 

$3,180 

226,000 

5.0 

11,300 

30.000 

1.5 

$450 

2.0 

600 

oLOOO 

4.0 

2.040 

90,000 

1.0 

900 

3.0 

2,700 

3.000 

1.0 

30 

3.0 

90 

15,000 

1.5 

225 

25.0 

3.750 

235,000 

3.5 

8.225 

1.027.000 

1.0 

10,270 

500,000 

400,000 

'  5.0 

20.000 

220,000 

2.0 

4,400 

276,500 

0.4 

1,106 

0.1 

277 

collecting  works 

Well  system 

Wells  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Buildings  above  ground  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Conduits  for  diversion  of  water  to  streams  and 
ponds.     Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages   165.000        ....         ....  2.0  3,300 

Engineering  and  contingencies,  20  per  cent   t)(;().42()        ....  ...   

Total   $3,962,520                 $12,981  $59,862 

transportation  works 

Pumping-stations:  buildings  ta.xed  outside  City  limits  $5,000  1.5  $75  2.0  $100 
Aqueduct  lines 

Lands  in  Nassau  and  Queens   62.000  1.0  620   

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   2,05 1 ,()()()    0.1  2.050 

Special  structures 

Above  ground   5.000           1.0           50          2.0  100 

Below  ground   55,000    1.0  550 

Fencing  and  special  improvements.  Queens  and 

Nassau   38.000    2.0  760 

Land  damages.  Queens  and  Nassau   15.000        ....         ....         ....  .... 

Engineering  and  contingencies.  20  per  cent   446.200        ....         ....  ....   

Total                                                          $2,677,200                      $745  $3,560 

ANNUAL  CIIARC.KS 

Trans- 

Com.ectinc  portation 

Works  Works 

Interest  on  total  cost  at  4  per  cent                                                                   .SI 58.500  107.080 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)                                                               35.100  23,7.50 

Taxes  and  special  assessments   .. 

Extraordinary  repairs  and  depreciation  

Operating  expenses  and  maintenance  


I. <)()()  3,5C)0 
12S. :<()()  I. {.{.SCO 


Totals   $394,800  $269,000 

Grand  total  $663,800 

Total  amount  of  water  supplied  in  million  gallons,  3(j5  x  50  -    i"^'-~"-j7 

Cost  of  supply  per  million  gallons   l! 

No  reservoirs  for  salt-water  estuarie-;,  no  temporary  works  and  no  land  outside  of  a<iueduct  right- 
of-way  required  for  this  stage. 
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TABLE   35  (Continued) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Axxual 
Expenditures  axd  Cost  of  \\'ater  Based  Upox  Fixed  Charges 
AXD  Operating  Expenses.  Project  for  Permaxext  Sup- 
ply of  150  ^IiLLiox  Galloxs  Daily.     Stage  1. 
Average  Supply  of  70  Milliox  Gal- 
Lox^s  Daily 


Cost 


Taxes 


Extraordinary 
Repairs  and 
Depreciation 


Rate 
Per  cent. 


Rate 

Amount  Per  cent.  Amount 


COLLECTING  WORKS 

Well  system 

Wells   $81,650 

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections   334,00 

Transmission  system  substations 

Land  outside  right-of-way   83,000 

Substation  buildings   42,000 

Equipment   68,000 

Line,  poles,  wire,  etc     118,000 

Telephones   4,200 

Central  power-station 

Land   10,000 

Buildings 

Above  ground   .524,000 

Foundations   51,000 

Equipment   258,000 

Land  for  right-or-way ,  borrow-pits,  spoil-banks  and 

roads   1,819,000 

Land  and  water  damages   735,000 

Highways   578,000 

Fencing  and  special  improvements   266,000 

Infiltration  basins  for  utilization  of  surface  flood 

waters   276, .500 

Conduits  for  diversion  of  water  to  streams  and 
ponds.    Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages   200. ()()() 

Temporary  works,  preliminary  stage   15.000 

Engineering  and  contingencies,  20  per  cent.  I  .()!t2.(;7() 

Total   $6,556,020 

TRANSPORTATION  WORKS 

Pum  ping-stations 

Buildings  taxed  outside  City  limits    .  .  .'?;t;n4  .()f)0 

Equipment   h.")S.()()() 

Aqueduct  lines 

Lands  in  Nassau  and  Queens   634.000 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells   7,448,000 

Special  structures 

Above  ground   32.000 

Below  ground   413,000 

Fencing  and  special  improvements.  Queens  and 

Na.ssau   332,000 

Land  damages.  Queens  and  Nassau   153,000 

Engineering  and  contingencies,  20  per  cent   2.1  12,S()() 

Total   $12,676,800 

ANNUAL  CHAR(;ES 


Interest  on  total  cost  at  4  per  cent  

Sinking  fund  to  pay  bonds  at  end  of  50  years, 

(0.HH7  per  cent,  of  cost  per  year)  

Taxes  and  special  assessments  

Extraordinary  repairs  and  depreciation  

Operating  expenses  and  maintenance  


$29,938 

1.5  $10,410 
1.0  6,340 

1.0  320 
$17,070 


mterest  at  3  per  cent. 


5.0  $4,083 
5.0  16,700 


2.0 


0.1 


2.0 
1.0 


2.0 


1.0 

S830 

1.5 

630 

2.0 

840 

4.0 

2,720 

1.0 

1,180 

3.0 

3.540 

1.0 

42 

3.0 

126 

1.0 

100 

1.5 

7,860 

2.0 

10,480 

1.0 

510 

3.5 

9,030 

1.0 

18,190 

5.0 

28,900 

2.0 

5,320 

0.4 

1,106 

0.1 

277 

4.000 


$86,526 


2.0  $13,880 
3.5  .30,030 


7,448 


640 
4,130 


6,640 


$62,768 


Trans- 


Totals  

Grand  total 


Total  amount  of  water  supplied  in  million  gallons,  365  x  70 
Cost  of  supply  per  million  gallons  


Collecting 

portation 

Works 

Works 

$262,240 

$507,070 

.58.150 

112,440 

29,940 

17,070 

86, .500 

62.770 

155.030 

153. ()()() 

$591,860 

$852,350 

$1,444,210 

2.5.5.50 

■$56. .53 

No  reacrvoirs  for  salt-water  estuaries  for  this  stage. 
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TABLE    35  {Continued} 

Estimates  uf  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply of  150  ^Million  Gallons  Daily.     Stage  2. 
Average  Supply  of  150  Million  Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 
Repairs  and 
Depreciation 


Rate  Rate 
Per  Cent.  Amount  Per  Cent.  Amount 


COLLECTING 

Well  system 

Wells  

Buildings  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Land  outside  right-of-way  

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Land  

Buildings 

Above  ground  

Foundations  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Reservoirs  on  salt-water  estuaries  

Conduits  for  diversion  of  water  to  streams  and 

ponds.     Lowering  of  ponds  and  necessary 

changes  in  lieu  of  damages  

Temporary  works,  preliminary  stage  

Engineering  and  contingencies,  20  per  cent  


15,000 
1,787,116 


Total   $10,712,696 


transportation  work 

Pumping-stations 

Buildings  taxed  outside  City  limits  

Equipment  

Aqueduct  lines 

Lands  in  Nassau  and  Queens  

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells  

Special  structures 

Above  ground  

Below  ground  

Fencing  and  special  improvements.  Queens  and 

Nassau   ;i;?2,()00 

Lantl  damages.  Queens  and  Nassau   1  .").■{,()()() 

Engineering  and  contingencies,  20  per  cent   2,r).">l  .000 


$()04.0()0 
1,24S,()()() 


(i:i4,00() 
9, (•>(•.!), 000 


4(),()()() 
479,000 


Tr^tal. 


$15,906,000 


$37,084 

1..-)  $10,410 

1.0  t).;54o 

1.0  4()0 
$17,210 


$223,180 

5.0 

$11,159 

5,000 

1.5 

'$75 

2.0 

100 

694,000 

5.0 

34,700 

8.3,000 

1.0 

830 

84,000 

1.5 

1,260 

'  2.0 

1.680 

129,000 

4.0 

5,160 

173,000 

1.0 

1,730 

3.0 

5.190 

5,800 

1.0 

58 

3.0 

174 

10,000 

1.0 

100 

524,000 

1.5 

7,860 

2.0 

10.480 

51,000 

1.0 

510 

473,000 

3.5 

1(),550 

2,280,000 

1.0 

22,800 

1,485,000 

1,209,000 

'  5.6 

60,450 

438,000 

2.0 

8,760 

442,000 

0.4 

1.768 

0.1 

442 

301,600 

0.2 

603 

0.2 

603 

300,000 

2.0 

t),000 

$161,958 


!.()  $13,880 


2.0 
1.0 


920 
4,790 


ANNUAL  ClLARCiCS 

COLLECT- 
INC 

Works 

Interest  on  total  cost  at  4  per  cent   $428,910 

Sinking  fund  to  pay  bonds  at  end  of  51)  years,  interest  at  3  per  cent. 

(0.8S7  per  cent,  of  cost  per  year)   9.5.000 

Taxes  and  special  assessments   37,OS(> 

Extraordinary  repairs  and  depreciati(m   l(n,9(l() 

Operating  expenses  and  maintenance   277. _'.")(• 

Totals   $1,000,200 

Grand  total .  .   

Total  amount  of  water  supplied  in  million  gallons,  365  x  150  —   

('est  of  supply  per  million  gallons  


$35,899 

Transpor- 
tation 
Works 
$636,240 

14  MOO 

17,210 
3."). 900 
:{,■).■),()()() 

$1,185,450 

$2,185,650 

54,750 
$39.92 
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TABLE   35  (Concluded) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.  Project  for  Permanent  Sup- 
ply of  150  Million  Gallons  Daily.     Stage  3. 
Average  Supply  of  150  AIillion  Gal- 
lons Daily 


Extraordinary 

Taxes 

Repairs  and 

Depreciation 

Cost 

Rate 

Rate 

Per  Cent.  Amount  Per  Cent.  Amount 

collecting 

Well  system 

Wells  

Buildings  

Pumps,    motors,    concrete    chambers  below 

ground,  control  and  all  connections  

Transmission  system  substations 

Land  outside  right-of-way  

Substation  buildings  

Equipment  

Line,  poles,  wire,  etc  

Telephones  

Central  power-station 

Land  

Buildings  above  ground  

Equipment  

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads  

Land  and  water  damages  

Highways  

Fencing  and  special  improvements  

Infiltration  basins  for  utilization  of  surface  flood 

waters  

Reservoirs  on  salt-water  estuaries  

Conduits  for  diversion  of  water  to  streams  and 
ponds.    Lowering  of   ponds  and  necessary 

changes  in  lieu  of  damages  

Temporary  works,  preliminary  stage  

Engineering  and  contingencies,  20  per  cent  


15.000 
2,292,912 


$463,460 

5.0 

$23,173 

5,000 

'  1.5 

'$75 

2.0 

100 

1,087,000 

5.0 

54,350 

83.000 

1.0 

830 

106,000 

1.5 

1,590 

'  2.0 

2,120 

174.000 

4.0 

6.960 

201,000 

'  V.O 

2,6  i  6 

3.0 

6,030 

8,000 

1.0 

80 

3.0 

240 

10,000 

1.0 

100 

575,000 

1.5 

8,625 

'  2.0 

11,500 

581.000 

3.5 

20,335 

2.836.000 

1.0 

28,360 

2. 060. 000 

l,59i).()()() 

'  5.0 

79,950 

539,000 

2.0 

10,780 

520,500 

0.4 

2,082 

0.1 

521 

.301,600 

0.2 

603 

0.2 

603 

300.000 

2.0 

6.000 

Total   $13,757,472 


$44,355 


$222,662 


transportation  works 

Pumping-stations 

Buildings  taxed  outside  City  limits  

Equipment  

Aqueduct  lines 

Lands  in  N'assau  and  Queens  

Aqueduct,    including   earth    work,    masonry  and 

earth  embankment  at  wells  

Special  structures 

Above  ground  

Below  ground  

Fencing  and  special  improvements.  Queens  and 

Nassau  

Land  damages.  Queens  and  Nassau  

Engineering  and  contingencies,  20.  per  cent  


Total. 


$694,000 
1,248,000 

634,000 

10,396,000 

48.000 
501.000 

.332,000 
153,000 
2.801,200 

$16,807,200 


1.5  $10,410 
1.0  6,340 

1.0  480 
$17,230 


axxual  charges 

Collect- 
ing 
Works 

Interest  on  total  cost  at  4  per  cent   $550,300 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year)   122,030 

Taxes  and  special  assessments   44,360 

Extraordinary  repairs  and  depreciation   222,660 

Operating  expenses  and  maintenance   302,550 

Totals   $1,241,900 

C/rand  total  

Total  amount  of  water  supplied  in  million  gallons,  365  x  150   

Cost  of  supply  per  million  gallons  


2.0  $13,880 
3.5  43,680 


0.1 


2.0 
1.0 


2.0 


10,396 


960 
5,010 


5,640 


$80,566 

Transpor- 
tation 
Works 
$672,300 

149,100 
17,230 
80,600 

358,600 

$1,277,830 

$2,519,730 

54.7.50 
$46.02 


452 


APPEXDIX  11 


sapequa  would  be  used  up  in  friction  losses  in  the  72-inch 
pipe,  and  a  temporary  station  provided  in  these  estimates 
would  be  erected  at  the  westerly  end  of  this  pipe-line,  near 
Ridgewood,  to  deliver  the  supply  directly  into  the  distributing 
mains. 

Project  for  Supply  of  50  Million  Gallons  Daily 

Driven-well  stations  of  the  same  design  as  those  of  the 
Ridgewood  system  would  be  constructed  at  intervals  of  a 
mile  on  the  location  proposed  for  the  permanent  works.  A 
strip  of  land  1000  feet  wide  would  be  acquired  at  each  station 
for  a  length  of  500  feet  east  or  west  of  the  outer  units  of  the 
well  system.  Between  the  stations,  a  right-of-way  of  100  feet 
would  be  purchased  for  the  aqueduct.  The  aqueduct  would  be 
of  masonry,  of  the  cut-and-cover  type,  of  50  million  gallons 
daily  capacity,  and  would  carry  the  supply  entirely  by  gravity 
to  the  proposed  pumping-station  at  Massapequa.  The  entire 
works  would  be  built  in  the  cheapest  way  possible,  and  no 
highways  or  other  improvements  would  be  considered. 

The  cost  of  these  works,  and  an  estimate  of  the  fixed 
charges  and  operating  expenses  is  shown  in  Tabje  36,  and  the 
expense  to  the  consumer  of  each  million  gallons  delivered  into 
the  City  mains  is  found,  as  in  the  other  projects.  The  annual 
expenditure  includes  the  cost  of  pumping  through  the  72-inch 
pi])e-liiK'  ])Ut  not  the  fixed  charges  on  the  works  of  the  Ridge- 
wood systeni.  A  charge  for  depreciation  has  been  made  suf- 
ficient to  cover  the  entire  cost  of  the  works,  at  the  exjMration 
of  the  period  of  10  years,  after  which  the  e(iuii)ment  would 
be  disposed  of  and  tlie  lands  sold. 

PkojKCT   FOR   Sl  I'I'l.Y  OF   100   Mil. LION   (i\I.L()NS  DaIIA' 

The  ])roiect  for  a  tem])orarv  supply  of  100  million  gallons 
])ir  day  would  be  similar  to  the  above.  The  masonry  a(|ucduct 
wouhh  however.  ha\e  a  ca])acity  of  100  minion  gallons  per 
da\-.  and  wnnld  extend  from  the  \assau-Su ffolk  ("ount\-  line. 
20  miles  easterh-  as  far  as  !^a\  ville.  and  driven-well  stations, 
one  mile  a])art.  would  he  constructed  to  the  end  of  the  line. 

The  annual  charge^  are  computed  in  'l^ahK-  .v.  in  the  same 
manner  as  <»n  the  works  for  a  temporal-)-  su])pl\-  of  ."^O  million 
galloiH  ])er  da\.  The  station  erected  in  r.rooklxn  t.)  pump 
the  -up])l\-  into  the  distribution  s}'stem  would  he  charged  oil. 
with  the  works  in  Suffolk  county,  at  the  end  of  10  years. 
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TABLE  36 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND   Operating   Expenses.     Project   for  Temporary 
Development.     Average  Supply  of  50  ^Iillion 
Gallons  Daily  for  10  Years 


Taxes 


Cost  Rate 

Per  Cent.  Amount 


COLLECTING  WORKS 

Well  system 

Wells   $100,000 

Buildings   150.000 

Pumps,  motors,  concrete  chambers  below  ground,  control 

and  all  connections   110.000 

Land  for  right-of-way,  borrow-pits,  spoil-banks  and  roads   441.800 

Land  and  water  damages   500.000 

Fencing  and  special  improvements   94.000 

Engineering  and  contingencies,  20  per  cent   279,160 

  $1,674,960 


1.5 
1.0 


Total. 


$2,250 
'  4,418 


$6,668 


TRANSPORTATION  WORKS 

Aqueduct  lines 

Lands  in  Nassau  and  SuflFolk  counties  

Aqueduct,  including  earth  work  and  masonry 
Special  structures 

Above  ground  

Below  ground  

Fencing  and  improvements,  Nassau  and  Suffolk  counties  .  . 

Land  damages,  Nassau  and  Suffolk  counties  

Engineering  and  contingencies,  20  per  cent. 

Total  


$85,744 
820,872 

4.. 500 
80,500 
44.8.50 
60.000 
21<t.2(>:-5 

$1,315,759 


1.0 
1.0 


$857 
45 


$902 


ANNUAL  CHARGES 


Interest  on  total  cost  at  4  per  cent  

Sinking  fund  to  pay  bonds  (exclusive  of  land;  at  end  of  10  years, 

terest  at  .3  per  cent.  (8.72  per  cent,  of  cost  per  year)  

Taxes  and  special  assessments  

Operating  expenses  and  maintenance  


Totals  

Grand  total 


Total  amount  of  water  supplied  in  million  gallons,  365  x  50 
Cost  of  supply  per  million  gallons  


Collect- 

Transpor- 

ing 

tation 

Works 

Works 

$66,998 

$52,630 

99,827 

105,762 

6,668 

902 

168,850 

133,0(J0 

$342,343 

$292,294 

$634,637 

18,250 

$34.77 
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TABLE  37 

Estimates  of  Cost  of  Suffolk  Coi'xtv  Works  and  Total  Axxual 
Expenditures  and  Cost  of  A\\\ter  Based  Upox  Fixed  Charges 
AXD   Operatixg   Expexses.      Project   for  Temporary 
Develop.mext.   Average  Supply  of  100  Milliox 
Galloxs  Daily  for  10  Years 


Taxes 


Cost  Rate 

Per  Cent.  Amount 


COLLECTIXG  WORKS 

Well  svstem 

Wells   $200,000 

Buildings   300,000 

Pumps,  motors,  concrete  chambers  below  ground,  control 

and  all  connections   220,000 

Land  for  right-of-way,  Ijorrow-pits,  spoil-banks  and  roads   645,450 

Land  and  water  damages   1,000,000 

Fencing  and  special  structures   168,000 

Engineering  and  contingencies,  20  per  cent   506.690 

Total   $3,040,140 

TRANSPORTATION  WORKS 

Pumping-stations 

Buildings  taxed  outside  City  limits   $100,000 

Temporary  building  at  Ridgewood   220,000 

Equipment 

Massapequa   140,000 

Ridgewood   227,000 

Aqueduct  lines 

Lands  in  Xassau  and  Suffolk  counties   130,211 

Aqueduct,  including  earth  work  and  masonry   1,821,715 

('onnections  at  Ridgewood   50,000 

Special  structures 

Above  ground   4,500 

Below  ground   191,965 

Fencing   and   special   improvements,    Xassau   and  Suffolk 

counties   85,000 

Land  damages,  Nassau  and  Suffolk  counties   1  10,000 

Engineering  and  contingencies,  20  per  cent   ()16,()78 

Total   $3,696,469 

ANNUAL  (^PIARGES 

Collect- 
ing 
Works 

Interest  on  total  cost  at  4  per  cent   $121,606 

Sinking  fund  to  pay  bonds  (exclusive  of  land)  at  end  of  10  years,  in- 
terest at  3  per  cent.  (8.72  per  cent,  of  cost  per  year)   197.560 

Taxes  anrl  special  assessments   10.955 

Operating  expenses  and  maintenance   .3.{1.7()() 

Totals     $664,821 

Grand  total  

Total  amount  of  water  supplied  in  million  gallons,  365  x  100   

Cost  of  supply  per  million  gallons  


1.5  $4,500 
V.O  '  6.455 


$10,955 


$1,500 


.302 


$2,847 


Transpor- 
tation 
Works 
$147,853 

308,701 
2.84  7 
522.374 

$981,776 

$1,646,696 

36.500 
$45.12 
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EFFECT   OF   DIVERSlOX   OF   SUFFOLK  COUNTY 
GROUND- WATERS  UPON  THE  OYSTER  IN- 
DUSTRY ]N  THE  GREAT  SOUTFI  BAY* 

BY  GEORGE  C.  WHIPPLE,  CONSULTING  ENGINEER 

LXTRODUCTION 

In  order  lo  safegiuird  one  of  the  imporiant  Long  L^land 
industries,  an  extended  investigation  was  made  to  determine 
whether  tlie  diversion  of  a  certain  amount  of  ground-water 
tor  the  supp]}-  of  l)rooklyn  would  so  reduce  the  fresh-water 
accessions  of  the  Great  South  hay  as  to  injuriously  affect  the 
value  of  that  hody  of  water  as  a  place  for  growing  oysters. 
It  has  heen  long  held  hy  oyster  growers  that  fresh  water  find- 
ing its  way  into  an  arm  of  the  sea  is  1)eneficial  to  the  cultiva- 
tion of  oysters,  and  oyster  ex])erts  recognize  that  there  are 
certain  limits  of  salinity,  or  brackishness,  within  which  oysters 
thrive  best.  It  is  believed  b\-  the  Long  Island  oystermen  that 
the  Great  South  bay  owes  its  successful  oyster  croi)s,  in  part 
at  least,  to  the  accession-^  of  fresli  water  which  the  bay  receives 
from  the  streams  on  the  southerly  slopes  of  Suffolk  county 
and  from  the  ground-water  that  enters  the  1)ay  in  the  form  of 
springs  over  the  bottom,  and  the  fear  has  arisen  that  the 
diversion  of  a  j)art  of  the  ground-water  may  so  reduce  the 
available  suj)ply  of  fresh  water  that  the  oyster  crop  will  be 
injured.  This  fear  is  a  natural  one,  as  such  a  diversion  will 
make  the  water  of  the  bay  somewhat  more  saline  than  it  now 
is.  but  the  oljservations  and  calculations  that  have  been  made 
mdicate  that  the  fear  of  damage  to  the  oyster  industry,  broadly 
considered,  is  groundless  A  few  oyster-beds  that  now  enjoy 
a  fa\orable  s))ccihc  gravity  of  the  water  may  have  that  Sj)ecific 
gravity  increased  beyond  the  favorable  j)oint.  l)ut  on  the  other 
hand,  large  areas  where  the  s]:)ecific  gravity  is  not  now  favor- 
al)le  would  be  imf)roved.  Studies  have  further  shown  that  bv 
far  the  largest  number  of  l,>eds  would  not  be  materially  affected 
either  one  way  or  the  other. 

♦This  report  submitted  hy  Mr.  Whipple's  associate,  Mr.  Allen  Hazen,  Consulting 
Ent^inesr 
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The  various  conditions  that  influence  the  growth  of  oysters 
and  give  them  their  salable  qualities  are  very  complicated  and 
involve  many  other  factors  than  salinity.  Hence,  in  order  to 
arrive  at  a  logical  conclusion  it  became  necessary  to  carry  on 
a  series  of  studies  covering  a  wide  range  and  to  take  into 
account  not  only  salinit\  but  (juestions  of  food  supply,  depth 
of  water,  character  of  the  bottom,  tides,  currents,  etc.  Inci- 
dentally, various  sanitary  problems  involved  in  the  production 
and  marketing  of  the  oysters  from  this  locality  were  con- 
sidered. 

The  investigation  was  carried  on  in  accordance  with  in- 
structions received  from  ^Nfr.  J.  Waldo  Smith,  Chief  Engineer, 
in  his  letter  to  my  partner,  ]\Ir.  Allen  Hazen,  dated  November 
4,  1907.  The  work  was  begun  in  Xovember,  1907,  and  con- 
tinued for  about  two  months.  The  field  work  was  arranged 
for  and  conducted  under  the  direction  of  Mr.  Walter  E. 
Spear,  Division  Engineer  in  charge  of  the  investigation  of  the 
Long  Island  sources.  A  preliminary  report  of  this  investiga- 
tion was  presented  on  February  25,  1008.  Supplementary 
studies  were  made  in  the  field  during  the  months  of  July, 
September,  October  and  Xovember,  lOQS.  These  were  carried 
on  under  my  direction  by  Alilton  W.  Davenport,  who  acted 
as  chemist  and  biologist  with  head(|uarters  at  Uabylon,  Long 
Island,  and  who  worked  in  cooperation  with  Mr.  Walter  E. 
Spear,  Division  Engineer.  A  final  report  was  made  on  April 
20,  1909. 

In  190(S  a  laboratory  was  arranged  in  a  small  building  in 
the  rear  of  the  field  office  of  the  New  York  Htxird  of  Water 
Supply  and  e(|uipi)ed  with  a|)paralus  for  making  determina- 
tions of  chlorine,  color,  turl)i(lily,  niicrosco])ic  organisms,  etc. 
The  routine  work  consisted  of  collecting  and  analwing 
samples  of  water  from  various  ])art>  of  tlic  bay.  m. iking  ob- 
servations of  currents,  tides,  etc..  and  studying  by  e\])erinKMU 
the  infiuences  ontrolling  tlie  growth  of  the  niicr(^sc(^])ic  or- 
ganisms whicli  furm'sli  the  food  snppl\-  to  the  oysters,  with 
I)articular  reference  to  the  effect  of  salim'ty.  Studies  were 
also  made  of  the  oysters  themselves,  many  specimens  l)eing 
gathered  and  dissected.  \  i^its  were  made  to  m  in\  of  the 
oyster  houses  and  -am'tary  ins|)ections  were  made  o\  the  con- 
ditions along  the  sliore.  I'or  comparison,  studies  were  also 
carried  on  in  Jamaica  l)ay.  Moriches  baw  .^liinnecock  l)ay,  and 
other  plai'es  on  Long  Island  where  ovsUts  are  grown.  The 
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literature  of  the  subject  was  investigated  and  interviews  held 
with  various  oyster  growers,  marketmen,  state  officials  and 
experts  of  the  U.  S.  Bureau  of  Fisheries.  The  results  of  these 
researches  were  set  forth  at  length  in  the  two  reports  above 
referred  to.    The  following  is  an  abridgment  of  these  reports. 

THE  OYSTER 

The  oysters  found  on  the  Atlantic  Coast  belong  to  a  single 
species, — ostrea  virginica.  This  species  is  different  from  the 
European  oyster  and  from  those  found  on  the  Pacific  Coast. 

The  oyster  has  two  parts — the  shell,  and  the  living  or- 
ganism. 

The  Shell 

The  shell  of  tlie  oyster  is  a  calcareous  secretion  which 
serves  as  a  protective  covering.  Its  two  parts  are  joined  by 
a  hinge,  one  of  the  shells  being  flat,  the  other  convex.  The 
latter  forms  the  "  bowl  "  in  which  the  organism  dwells,  while 
the  flat  side,  or  top,  forms  a  movable  lid.  The  shell  is  com- 
posed chiefly  of  calcium  carbonate,  as  shown  by  the  following 
analysis  of  a  3-year  old  oyster  received  from  Babylon,  Long 
Island,  which  was  3.5  inches  long.  2.5  inches  wide  and  1.3 
inches  deep. 


Calcium  carbonate  fCaCO^)   93.98  per  cent. 

Magnesium  carbonate  rMgCO.,)   1.20  per  cent. 

Iron  CFcj.O.j)   0.26  per  cent. 

Alumina  ( ^\.p,)    0.00  per  cent. 

Undctcrmincfl    4.56  per  cent. 

100.00  per  cent. 


The  shell  is  arranged  so  that  it  can  be  opened  or  shut  at 
will  by  a  powerful  adductor  muscle  in  the  center  of  the  oyster. 
The  muscle  has  to  be  cut  before  the  shell  can  be  opened. 

Tlie  shape  of  the  shell  depends  upon  several  things,  chiefly 
on  the  number  of  oysters  spread  over  a  given  area  and  the 
amr)unt  of  mud  on  the  bottom.  The  size  depends  upon  the 
age  anrl  rate  of  growtli.  The  latter  is  largely  a  function  of 
the  available  food  supj)ly. 


458 


APPEXDIX  12 


The  Organism 

In  opening  an  oyster  it  is  lield  with  the  small  end  outwards 
and  the  flat  side  upwards.  The  knife  is  inserted  at  a  vulner- 
able point  on  the  right  near  the  small  end.  After  the  thin 
blade  has  entered  the  shell  it  is  passed  inward  across  the 
oyster,  close  to  the  top,  so  as  to  sever  the  adductor  muscle, 
after  which,  with  a  slight  turn  of  the  knife,  the  two  shells  can 
be  parted  and  the  flat  side  removed,  leaving-  the  oyster  lying 
in  the  deep  bowl. 

\  iewed  in  this  position,  the  dift'erent  parts  of  the  anatomy 
are  conspicuous,  namely,  the  adductor  muscle  in  the  middle 
of  the  organism,  the  mantle  and  gills  around  the  edge  of  the 
shell,  the  dark-colored  liver  surrounding  the  stomach,  the  long 
intestines  and  the  colorless  heart,  which,  in  the  case  of  a 
freshly  opened  oyster,  may  be  seen  to  beat  at  intervals  of  15 
to  30  seconds. 

The  oyster  is  proj^agated  by  means  of  eggs  fertilized  in  the 
water  after  leaving  the  shell.  These  gradually  increase  in 
size  but  float  in  the  water  until  a  thin  shell  begins  to  form. 
At  this  stage  they  are  called  "  spat  "  and,  being  heavy,  tend 
to  sink  in  the  water.  If  they  fall  upon  mud  they  are  likely 
to  be  choked  and  if  they  settle  on  sand  they  are  likely  to  be 
covered  or  broken  uj)  1)\-  the  moving  particles.  If,  however, 
they  settle  on  shells  or  rocks-  beds,  or  become  attached  to 
twigs  or  other  hard  substances,  they  continue  to  grow  and 
from  that  time  on  never  leave  the  ])lace  where  they  become 
attached.  Oyster  ^^rowers  are  in  the  habit  of  covering  the  beds 
with  clean  shells  for  the  rece])tion  of  this  spat. 

OoXDi  rioxs  .Ai-i'iX  Ti  .\(;  (Irowtii 

'J  i:.\i  I'lCKATi  RE.  ( )ysters  li\  e  in  waters  of  widely  \  ar\  ing 
temperature,  froni  32^  to  90^  V.  In  the  vicinity  of  Long 
Island  the  water  tem])erature  in  the  summer  seldom  rises  above 
75  ,  while  from  .\!a\-  1  to  .\oveml)ei"  1  it  seldom  falls  below 
60^'.  Temperature  has  more  effect  on  the  s])awning  of  the 
oyster  than  n])oii  tlie  growth  of  the  adults.  The  temperature 
limits  for  ^pawning  are  a1)out  ()?  to  80  '  V .  Sudden  changes 
of  tempc'i-alni-e  arc  un  fa\  oral)le. 

SPl'X'i  i-  ic  CK  \\  I  I  N  .  '\  \\v  specific  gravity  of  fresh  water  is 
1.000;  the  specific  gravitx'  of  s^a-water  is  al)()iit  1.025.  The 
specific  gravit\-  \  aries  with  the  salinity  of  the  water.  Oysters 


EFFECT  UFOX  OYSTER  LXDUSTRY 


459 


are  said  to  thrive  best  when  the  density  is  between  1.011  and 
1.022.  They  seldom  hve  in  water  where  the  specific  gravity 
falls  below  1.007  for  any  considerable  period  of  time.  The 
range  of  specific  gravities  over  the  present  oyster-beds  in  the 
Great  South  bay  is  from  1.013  to  1.020.  Density  affects  the 
spawning  of  the  oyster  more  than  the  adults.  Spawning  takes 
place  more  readily  in  waters  of  comparatively  low  density. 
Sudden  changes  in  density  are  unfavorable. 

CHARACTER  OF  THE  BOTTOM.  Muddy  bottouis  are  unfavor- 
able to  the  growth  of  oysters  and  are  especially  deleterious  to 
the  young  fry.  On  the  other  hand,  muddy  bottoms  near 
oyster-beds  are  advantageous  to  adult  oysters,  as  the  amount 
of  food  supply  is  more  likely  to  be  plentiful.  Muddy  bottoms 
tend  to  produce  oysters  of  long  and  irregular  shape. 

cuRREXT.s.  Oysters  grow  best  in  moving  waters,  as  the 
organisms  are  sedentary  and  require  their  food  to  be  brought 
to  them.  Moving  waters  also  facilitate  the  fertilization  of 
the  eggs.  Currents  are  deemed  satisfactory  if  the  velocities 
exceed  ^4  mile  per  hour.  Heavy  seas  may  cause  damage  by 
depositing  mud,  sand  and  other  debris  upon  the  beds. 

DEPTH  OF  WATER.  The  depth  of  water  seems  to  influence 
the  growth  of  oysters  but  little,  as  they  are  found  growing  any- 
where from  0  to  90  feet  below  the  surface.  In  most  localities 
the  depth  of  water  over  the  beds  is  from  5  to  25  feet.  Depth 
affects  the  convenience  of  harvesting  and  the  care  of  the  beds 
more  tlian  it  does  oyster  growth. 

FOOD  .si'PPL\'.  The  food  supply  of  oysters  consist  of 
microscopic  organisms  that  float  in  the  water  and  that  are 
sometimes  collectively  referred  to  as  "  plankton."  By  far  the 
larger  j^art  of  tlie  food  supi^ly  consists  of  diatoms.  These 
microscopic  plants  have  a  silicious  shell  wall  and  are  heavier 
than  water.  They  are,  however,  found  at  all  depths  and  their 
vertical  distribution  is  controlled  chiefly  by  the  wind.  Gen- 
erally speaking,  the  microscoj)ic  organisms  are  more  abundant 
in  warm  weatlier  than  in  cold  weather.  Oysters  fatten  most 
rapidly  in  the  autumn  after  the  s|)awning  season.  The  fer- 
tility of  oyster  feeding  grounds  dei)en(ls  upon  the  number  of 
diatoms  in  the  water.  This  matter  has  been  studied  carefully 
by  the  experts  of  the  U.  S.  Department  of  Fisheries  and  it  has 
been  found  that  the  condition  of  the  oyster  is  largely  dependent 
on  the  abundance  of  the  su])ply  of  diatoms.    ]\Iany  studies 
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have  been  made  to  ascertain  the  rate  at  which  oysters  feed, 
but  no  definite  concUisions  have  yet  been  reached.  It  is  said 
that  the  amount  of  water  strained  by  an  oyster  in  its  search 
for  food  amounts  to  several  gallons  per  day. 

DENSITY  OF  GROWTH.  Ovcrcrowding  produces  ill-shaped 
oysters.  To  prevent  this  it  is  customary  to  liniit  the  nuniber 
of  oysters  sown  on  the  Long  Island  beds  to  about  300  bushels 
per  acre,  that  is,  to  about  60  oysters  per  square  yard,  which 
allows  21  square  inches  of  space  per  oyster. 

ENEMIES  OF  THE  OYSTER.  Young  oystcr  fry  are  destroyed 
in  enormous  numbers  by  molluscs  and  hshes  and  are  even  con- 
sumed by  adult  oysters.  Sponges,  worms  and  various  hydroida 
use  them  as  food.  The  young  oyster  s])at  are  often  smothered 
by  mussels,  lingulas,  sponges,  barnacles,  and  tube-building 
worms,  as  well  as  by  various  kinds  of  seaweed.  Among  the 
more  active  enemies  of  the  adult  oyster  are  the  starfish,  the 
drumhsli,  drills,  boring  sponges,  and  periwinkles.  Of  these  the 
starfish  is  the  worst. 

Commercial  Aspects 

The  best  oysters  are  round  in  shape  and  have  a  deep  bowl, 
with  tlie  shell  full  of  meat  and  the  flesh  firm  and  light  colored 
Dark  gray,  watery  oysters  are  not  considered  first-class.  Taste 
depends  ])artly  u]K)n  saltness  and  partly  upon  the  owster  it- 
self. 

Oysters  are  sold  in  two  ways,  in  the  shell  and  in  l)ulk.  The 
shell  oysters  are  graded  in  size  according  to  use.  The  sluicked 
oysters  are  largely  used  for  long  distance  shipments. 

Oysters  in  the  shell  are  sometimes  floated,  that  is,  placed 
for  a  time  in  water  fresher  than  that  in  which  they  grew  before 
marketing.  Tliis  is  ])artly  to  freshen  them,  partly  to  increase 
their  size  and  ])artly  to  improve  tlicir  keeping  (|uaHties.  When 
conducted  in  clean  water  it  is  not  very  objectionable.  l)Ut  when 
the  water  is  contaminated  with  sewage,  as  it  often  is.  the 
liNgienic  (|ualit\-  of  the  oyster  is  threatened.  'Hiis  j)ractice  is 
to  a  consi(k'ral)le  extent  going  out  of  use. 

0(■,\I.IT^■  OF  Till':  ()\sikr  Sold  to  the  .\ew  Xomk  Market 

In  order  to  obtain  some  idea  of  the  quality  of  the  different 
ovsters  sold  in  tlie  New  ^^)rk  markets,  samples  were  ])urchascd 
(hn-ing  .\oveml)er.  1907,  t'rom  various  dealers  and  examined 
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as  to  their  general  condition  and  as  to  the  presence  of  objec- 
tionable bacteria.  Out  of  13  different  lots  purchased,  eight 
contained  at  least  one  oyster  that  gave  a  positive  test  for 
B.  coli,  while  hve  lots  failed  to  show  this  indication  of  con- 
tamination. Of  the  three  lots  said  to  come  from  Cape  Cod, 
two  gave  no  indications  of  contamination,  while  the  third  one 
did.  The  oysters  said  to  come  from  Connecticut  gave  positive 
tests  for  B.  coli,  as  did  those  from  Xew  Jersey,  from  Lynn 
Haven  and  Jamaica  bay.  Of  five  lots  from  Rockaway,  three 
gave  positive  tests  for  B.  coli.  Considering  all  the  lots  to- 
gether, about  35  per  cent,  of  the  oysters  showed  the  presence 
of  B.  coli  in  one  cubic  centimeter  of  the  liquor  found  in  the 
shells.  This  is  a  somewhat  smaller  per  cent,  than  has  been 
found  by  those  who  have  carried  on  similar  investigations  in 
this  City. 

GREAT  SOUTH  BAY 
General  Descriptio.v 

The  Great  South  bay  is  one  of  a  series  of  land-locked 
bodies  of  brackish  water  that  extends  along  the  southern  shore 
of  Long  Island.  Xamed  in  their  order,  from  west  to  east, 
these  bays  are,  Jamaica  bay,  Hempstead  bay,  South  Oyster 
bay.  Great  South  bay,  Moriches  bay,  Shinnecock  bay.  They 
are  all  formed  by  a  ridge  of  sand  that  lies  at  an  average  dis- 
tance of  about  three  or  four  miles  from  the  main  shore  of  the 
island  and  j)arallel  to  it.  This  ridge  forms  a  series  of  beaches 
broken  at  intervals  by  inlets.  The  i)rincipal  beaches  are  known 
as  Coney  Island;  Rockaway  beach,  enclosing  Jamaica  bay; 
Long  beach,  enclosing  Hempstead  bay;  Tones  beach;  Oak 
Island  beach;  I'ire  island  and  Great  South  beach,  enclosing 
the  Great  .South  bay ;  West  Hempstead  beach,  enclosing 
Moriches  bay.  etc.  The  sand  ridge  is  comparatively  narrow, 
its  width  often  being  not  over  3^4  uiile  and  seldom  over  a  mile. 
The  elevation  is  seldom  over  50  feet  and  in  many  places  it  is 
less.  The  inlets  to  the  bay  are  .small  and  not  permanent. 
Within  comj)arativel\-  recent  years,  old  inlets  have  been  almost 
closed  and  new  ones  opened.  The  Fire  Island  inlet  is  con- 
stantly making  westward.  Less  than  a  century  ago  the  end  of 
the  bar  was  in  the  vicinity  of  the  i)resent  lighthouse.  To-day 
it  is  nearly  two  miles  west  of  the  lighthouse  and  there  are  indi- 
cations that  this  natural  process  is  still  going  on. 

Jamaica  bay  is  a  separate  one,  but  the  other  bays  are  con- 
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nected  together.  The  Great  South  bay  is  connected  with 
Moriches  bay  on  the  east  by  a  narrow  channel  and  on  the  west 
with  a  series  of  bays,  much  broken  up  with  islands.  Moriches 
bay  is  connected  with  Shinnecock  bay  and  the  latter  is  con- 
nected with  Peconic  bay  by  means  of  the  Peconic  canal,  and 
occasionally  with  the  ocean  by  means  of  artificial  channels  cut 
through  the  bar.  These  channels  fill  up  with  sand  after  a 
time.  The  principal  inlet  of  the  Great  South  bay  is  the  Fire 
Island  inlet  and  the  extreme  eastern  and  western  portions  of 
the  bay  are  more  or  less  stagnant  so  far  as  tidal  fiow  is  con- 
cerned. 

The  Great  South  Bay  is  about  25  miles  long,  from  a  point 
a  few  miles  west  of  Babylon  to  a  point  a  few  miles  east  of 
Bellport.  The  width  of  the  bay  varies  from  1>4  to  5  miles 
and  averages  about  three  miles.  The  south  shore  formed  by 
the  sand  of  the  bar  is  almost  straight,  but  the  northern  shore 
is  broken  into  a  series  of  bays,  several  of  which  are  estuaries 
of  streams. 

The  main  current  of  sea-water  enters  the  bay  at  Fire  Island 
inlet  through  a  channel  ^  mile  wide,  extending  in  a  general 
easterly  direction  between  Sexton  island  and  h^ire  island.  Xear 
Fire  Island  light  the  channel  divides  into  the  west  channel 
that  extends  northward  and  the  east  channel  that  follows  the 
line  of  the  l)each  easterly  to  the  Point  of  Desire.  Both  of 
these  channels  are  narrow  and  the  depth  of  tlie  water  is  be- 
tween 15  and  25  feet. 

The  Ija}-  as  a  whole  is  comparatively  shallow.  The  deepest 
portions  extend  from  Bayshore  to  Patchogtie  and  lie  from 
34  mile  to  2  miies  from  the  main  sliore.  Vor  the  most  part 
the  regions  within  Ij/  miles  of  the  san(ll)ar.  which  forms  the 
sotUh  shore,  are  shallow,  althougli  broken  here  and  there  near 
tlie  inlet  witli  cliaimels.  Tlie  easterly  and  westerly  ends  of  the 
bay  are  also  shallow,  in  the  deei)er  ])ortions  of  the  bay  the 
(lepth.s  run  from  (>  to  12  feet;  over  the  tlats  they  run  from  one 
to  six  feet. 

For  the  most  part  the  l1oor  of  the  bay  is  hard  and  sticky, 
but  in  M»nn'  ])L'u"es,  es])eciall}'  near  tlie  east  end,  the  l)ottom  is 
soft.  ( )\'er  the  o\  ster-1)eds  the  character  of  the  l)(;tt(;m  has 
been  materially  altered  by  its  continuous  use  for  oyster  cul- 
ture. In  some  ref.'ions  areas  of  nind  and  shell  bottoms  are 
clf)sely  alternated. 

'i1u'  watershed  tributary  to  the  bav  has  an  area  of  about 
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2b2  square  miles.  It  extends  the  entire  length  of  the  bay,  but 
is  deeper  on  the  eastern  half  where  the  streams  are  longer  and 
where  the  amount  of  fresh  water  entering  is  larger.  The 
narrowest  portion  of  the  watershed  is  opposite  Uayshore.  The 
rainfall  over  the  watershed  averages  about  45  inches  per  year, 
and  the  amount  of  water  reaching  the  bay,  including  both  sur- 
face and  underground  water,  has  been  estimated  to  be  about 
1.2  million  gallons  per  square  mile  per  day.  For  a  total  drain- 
age area  of  252  square  miles  this  amounts  to  about  300  million 
gallons  ]ier  day.  To  this  must  be  added  the  rain  which  falls 
on  the  bay,  that  is,  45  inches  over  90  square  miles,  or  about 
194  million  g-allons  per  day.  Hence  the  bay  receives  on  an 
average  494  million  gallons  of  fresh  water  daily.  Of  course 
this  quantity  varies  greatly  according  to  the  rainfall,  the  fig- 
ures given  being  mere  averages. 

The  surface-water  enters  at  the  north  side.  The  groimd- 
water  enters  partly  at  the  north  side  and  partly  at  other  points 
in  the  bay,  possibly  in  the  form  of  springs.  On  account  of  the 
greater  amount  of  fresh  water  entering  at  the  north  side,  the 
water  is  less  saline  there  than  at  points  on  the  south  side 
directly  opposite.  'Iliis  distribution,  however,  is  due  partly  to 
the  disturbing  effects  of  currents  and  the  shallow  areas  near 
the  shore. 

1lic  following  is  a  summary  of  various  data  relating  to  the 
Great  Soutli  bav : 


Length    25  miles 

Width  1  .  5  to  5  miles 

Area    ^^0  scpiare  miles 

Depth  C'f  water  in  entr\-  clian- 

nels   15  to  x^5  feet 

De])th  of  water  over  the  Hats.  .     1  to  ()  feet 
Average  deptli  of  the  bay  at  low 

water   4.25  feet 

Ap])roximatc  range  of  tides...  1.."^  feet 
\ Olume  of  water  in  the  bay  at 

low  tide   1()5.()0()  iiiilhon  gallons 

Area  o\er  wliicli  the  depth  at 

low  tide  is  le^^  than  ^  feet.  .  .  51  scjiiare  mile^  (  57  per  cent.^ 
.\rc-a  ()\c-r  which  the  dcptli  at 

low  tide  is  more  than  ()  feet.  .    39  s(|uare  miles  (43  per  cent.) 
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Drainage  area  tributary  to  the 

bay   252  square  mile^ 

Population  per  square  mile  on 

this  drainage  area  100 

Rainfall  on  watershed,  inches 

per  annum   45 

Estimated  average  flow  of  fresh 

water  from  watershed  into 

bay,   including   surface  and 

ground-water  in  gallons  per 

day  per  square  mile  1,200.000 

Estimated  average  flow  of  fresh 

water   from   watershed  into 

bay   in   million   gallons  per 

day   300 

Estimated    rainfall    over  bay, 

expressed   as   average  daily 

flow  in  million  gallons  194 

Estimated  total  flow  of  fresh 

water  into  bay  in  million  gal- 
lons dailv  ..  .'  494 


Tides  and  Cl  rrexts 

Eire  Island  inlet  is  comparatively  narrow,  averaging  less 
than  -^/j  niile  in  width.  Its  length  is  about  two  miles.  At  Sta- 
tion E  in  the  inlet  (see  Sheet  113.  Acc.  L  577),  where  current 
observations  were  made,  the  width  is  3600  feet  and  the  maxi- 
mum depth,  30  feet.  At  this  section  there  are  2  deep  channels 
separated  by  comparatively  shallow  water.  The  north  channel 
is  800  feet  wide  and  25  feet  dee]),  and  the  soujth  channel  400 
feet  wide  and  20  feet  deep.  Jjetween  the  channels  for  a  length 
of  1800  feet  the  depth  varies  from  3  feet  to  10  feet. 

On  October  21,  1907,  a  series  of  gagings  was  made  at 
Station  in  the  Eire  Island  inlet,  the  results  of  which  are 
shown  on  Sheet  114,  Acc.  E  579.  On  this  date  the  total  range 
of  the  tide  at  the  inlet  was  found  to  be  3.3  feet,  while  at  the 
vame  time  it  was  1.0  foot  at  r)abylon  and  0.9  foot  at  Patch- 
ogue.  The  high  and  low  water  on  this  date  occurred  as  shown 
b\-  the  following  figures : 
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HIGH  AND  LOW  WATER,  OCTOBER  21,  1907 


Station' 


Time — Low  Water  Time — High  Water 


Remarks 


Fire  Island, 


Inlet  dock...     1.30  P.M. +.70 

Babvlon   4.50  P.M. +.09 

Patchogue   6.00  P.M. +.70 


7.15  P.M.+  .40 
10.00  P.M. +1.18 
11.00  A.M. +1.60 


From  scale  readings 

recording  tide  gage 
scale  readings 


Compulations  made  from  these  gagings  showed  that  1954 
milHon  cubic  feet  of  water  entered  the  bay  on  the  tlood  tide 
and  1948  milHon  cubic  feet  left  the  bay  on  the  ebb  tide. 

On  December  7,  1907,  a  second  series  of  gage  reacHngs  was 
made  at  Station  F  in  Fire  Island  inlet,  the  results  of  which 
are  shown  in  the  upper  diagram  on  Sheet  117,  Acc.  L  378. 
On  this  date  the  tidal  range  was  from  1.4  feet  below  mean 
tide  level  to  1.9  feet  above  it. — that  is,  3.3  feet.  Flood  tide 
began  about  3.2  hours  after  low  water,  and  continued  for 
about  5.5  hours.  The  duration  of  the  ebb  tide  was  about  7 
hours,  but  this  was  not  accurately  determined. 

At  low  water  the  mean  velocity  of  the  outgoing  water  at 
the  point  "  M  "  in  the  deep  channel  at  the  meter  station  ( see 
location  on  Sheet  114,  Acc.  L  579)  was  3.8  feet  per  second. 
Between  low  water  and  slack  tide  the  velocity  of  the  outward 
current  gradually  decreased  until  it  became  zero  a  few  minutes 
after  mean  tide  level  had  been  reached.  The  current  then  set 
inwards,  and  increased  rapidly.  One  hour  after  slack  tide 
it  was  between  2.5  and  3.0  feet  p^r  second.  The  maximum 
inward  velocity  was  readied  at  high  tide  and  was  al)out  3.4 
feet  per  second.  At  slack  tide  after  high  water  the  velocity 
again  became  zero,  and  the  outward  current  began  to  increase 
rapidly.  At  low  tide  a  velocity  of  3.85  feet  per  second  was 
reached. 

Current  measurements  were  made  on  December  7  at  other 
l)oints  than  "  M  "  in  the  cross-section  of  the  inlet  at  Station  F. 
The  results  have  been  shown  on  a  series  of  diagrams  not  here 
reproduced.  The  curves  indicate,  as  did  those  worked  u]) 
from  the  measurements  of  October  21.  1907  (See  Sheet  114, 
.\cc.  F  579)  that  the  velocities  were  greatest  in  the  deep 
channel.  Taking  the  section  as  a  whole  the  duration  of  flood 
tifle  was  found  to  be  5.75  hours,  and  ebb  tide  6.80  hours.  The 
mean  velocity  of  the  flood  tide  was  2.07  feet  ])er  second,  and 
of  the  ebb  tide  1.42  feet  per  second.  If  the  cross-section  of 
the  section  is  taken  as  47,300  square  feet,  then  the  volume  of 


468 


APPENDIX  12 


water  that  entered  the  bav  on  the  flood  tide  was  2020  million 
cubic  feet  and  the  volume  that  left  the  ebb  tide  was  1640  mil- 
lion cubic  feet.  The  difference  amounts  to  380  million  cubic 
feet, — hence,  as  the  area  of  the  bay  is  about  2500  million  square 
feet,  the  excess  of  inflow  was  enough  to  raise  the  general 
level  by  about  inches.  The  automatic  gage  at  Babylon 
showed  that  between  the  afternoon  of  December  7  and  the 
forenoon  of  December  8  the  mean  tide  level  rose  by  a  little 
less  than  that  amount.  (Sheets  115  and  116,  Aces.  5540  and 
5586.) 

From  these  data  it  appears,  then,  that  the  volume  of  water 
that  passes  through  the  Fire  Island  inlet  is  in  round  numbers 
about  1900  million  cubic  feet  at  each  tide,  or  say  3600  million 
cubic  feet  per  day.  This  is  equivalent  to  about  1.45  feet  over 
the  entire  surface  of  the  hay  or  about  0.7  foot  at  each  tide.  Tide 
levels  taken  by  means  of  an  automatic  gage  at  l)abylon  from 
August  8  to  January  13,  1908,  showed  an  average  tidal  range 
at  that  point  of  0.82  foot. 

If  the  average  discharge  of  water  through  the  inlet  is  3600 
million  cubic  feet  per  day,  this  amounts  to  about  27,000  mil- 
lion gallons  a  day.  The  total  capacity  of  the  bay  is  about 
105,000  million  gallons  at  low  tide  :  hence,  the  outflow  amounts 
to  about  a  quarter  of  the  volume  of  the  bay  at  low  tide. 

Studies  of  the  chlorine  contents  of  the  water  leaving  the 
bay  through  the  inlet  at  ebb  tide  show  that  the  outgoing  water 
contains  only  about  3.5  per  cent,  of  fresh  water,  or  about  126 
million  cubic  feet  of  fresh  water  a  day,  or  about  942  million 
gallons  of  fresh  water  a  day.  The  average  yield  of  the  wa- 
tershed, including  the  rainfall  on  the  bay,  is  aliout  4^U  million 
gallons  ])er  (la\' ;  hence,  on  this  1)asis  53  per  cent,  of  the  fresh 
water  that  flows  out  at  each  tide  does  not  come  back  into  the 
bay  on  the  next  tide. 

On  both  days  when  current  observations  were  made  at  the 
h'irc  Island  inlet  the  inflow  of  the  water  was  greater  than  the 
outflow  from  the  l)a\-  as  far  as  the  facts  were  inchcalcd  l)y  ob- 
servations covering  one  course  of  tides.  1liis  condition  is  not 
the  usual  one;  on  the  contrary  the  outHow  is.  of  course,  greater. 
The  tidal  records  at  liabylon.  iiowever,  show  marked  changes 
in  the  level  of  mean  tide,  due  to  astronoiiiit-al  and  meteoro- 
logit-al  causes.  The  Ihictualions  due  to  the  lonner  occur  at 
interxals  of  about  two  weeks  and  amount  to  a  foot  or  less;  the 
(lilTei-ences  due  to  the  wind  are  more  irregular. 
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The  rainfall  materially  increases  the  elevation  of  the  wa- 
ter in  the  bay.  Thus  on  November  24,  1908,  after  a  rainfall 
that  amounted  to  1.72  inches  at  ^Moriches  and  1.79  inches  at 
Babylon,  the  elevation  of  high  water  increased  from  1.45  feet 
to  3.15  feet. 

The  data  indicate  that  there  may  be  periods  of  several  days 
at  a  time  when  sea-\vater  is  accumulating-  in  the  bay,  such  a 
period  being  followed  by  a  complementary  period  when  the 
accumulated  water  pours  out  of  the  bav. 

The  results  of  current  observations  at  various  points  in  the 
bay  are  given  on  Sheet  117,  Acc.  L  578,  and  summarized  in 
Table  38. 

At  the  Fire  Island  inlet  the  average  velocity  of  the  current 
was  about  1.5  miles  per  hour;  at  a  point  opposite  Bayshore 
in  the  west  channel,  0.65  mile ;  at  a  point  opposite  Xicoll's 
point,  0.60  mile ;  near  Blue  Point,  0.24  mile ;  near  Howell's 
point,  0.35  mile;  near  the  west  of  Carman's  river,  0.17  mile. 
In  the  west  portion  of  the  bay  the  current  velocity  at  a  point  in 
the  main  channel  opposite  Babylon  w^as  0.71  mile  per  hour; 
arid  opposite  Breslau  (  Lindenhurst) ,  0.31  mile.  The  maximum 
velocities  were  from  25  per  cent,  to  50  per  cent,  higher  than 
the  mean  velocities.  The  ebb  tide  velocities  were,  in  general, 
somewhat  higher  than  those  of  flood  tide.  The  velocities  at  the 
bottom  were  less  than  those  at  the  surface. 

These  figures  indicate  the  existence  of  currents  amply  suf- 
ficient to  supply  the  oysters  wdth  a  change  of  water  and  bring 
with  it  abundance  of  food  supply. 

In  the  middle  of  the  bay,  over  the  main  oystcr-])eds,  the 
average  movement  of  the  water  back  and  forth  is  al  the  rale 
of  al)(nit  0.46  mile  per  hour.  During  the  ebb  tide  the  water 
advances  in  its  outward  tlow  al)out  3  1  3  miles,  while  diu-ing 
flood  tide  it  is  forced  back  about  2X'  niiles.  The  data  at  hand 
are  not  sufficient  to  enable  one  to  calculate  liow  long  it  takes 
a  ])article  of  water  to  llow  across  and  out  of  the  ])ay,  and  the 
figures  given  ser\e  merely  to  show  the  \ery  thorough  circula- 
tion of  water  o\'er  the  oyster-])e(ls  reason  of  the  tidal  llow. 
This  is  augmented  at  times  by  the  action  of  the  wind. 

'I  lie  westward  growth  of  the  bar  at  l^^ire  Island  inlet  is 
lending  to  increase  llie  lengtli  of  the  enlry  channel  and  this 
tends  to  reduce  the  tidal  range  of  the  water  in  the  baxs.  Ac- 
cording to  the  I  '.  S.  ("oast  .Survey,  the  tidal  range  of  the  water 
at  San(l\  I  look  \  aries  from  4.4  feet  t(^  5.3  feet.    'I1ie  old  rec- 
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ords  kept  by  the  government  appear  to  show  that  the  tidal 
range  in  the  Great  South  bay  is  lessening.  Between  August 
1  and  30,  1850,  the  result  of  57  observations  showed  that  the 
tidal  range  at  the  Fire  Island  inlet  was  2.1  feet.  Between 
August  16  and  October  15,  187v3,  the  result  of  47  observations 
gave  a  tidal  range  of  1.8  feet.  Between  August  13  and  August 
31,  1875,  the  result  of  19  observations  showed  the  tidal  range 
to  be  1.91  feet.  The  tidal  records  kept  by  the  automatic  gage 
at  Babylon  between  August,  1907,  and  August,  1908,  showed 
the  average  tidal  range  at  that  point  to  be  0.8  foot. 

If  the  bay  had  a  larger  opening  the  tidal  range  would  be 
greater,  just  as  it  is  in  Jamaica  bay,  where  it  is  upwards  of 
four  feet.  The  gradual  change  of  the  inlet  in  the  future,  if 
the  present  growth  of  the  bay  continues,  will  lower  the  tidal 
range.  This  will  naturally  tend  to  hold  the  fresh  water  in  the 
bay  for  a  longer  period  than  at  present  and  hence  to  lower  the 
specific  gravity  of  the  water  over  the  oyster-beds.  Just  how 
great  this  effect  will  l^ie  cannot  be  said  from  any  existing  data, 
])Ut  its  tendency  will  be  to  counteract  the  effect  of  the  pro- 
posed diversion  of  the  ground-water. 

Temperattre 

The  temperature  of  the  water  in  the  1)ay  was  determined 
during  the  course  of  the  investigation,  l)ut  tlic  results  are  not 
here  included. 

Salinity  of  the  Water.    (  )r.sER\  ATi()\s  Made  ix  1^K)7 

The  salinity  of  the  water  ma}-  l)e  determined  in  two  wa}-s  ; 
directly,  by  ascertaining  the  amount  ot  chlorine  in  the  water 
in  parts  per  million,  and  indirectly  l)y  measuring  its  s])ecific 
gravit}'.  Tlie  relation  lietween  the  two  is  sliown  l)y  the  tal)le 
following. 

The  sea-water  off  the  southern  coast  of  Kong  Island  nor- 
mall\-  contains  al^out  17,500  ])arls  ])er  million  of  chlorine  and 
ha>  a  specific  gra\'it\-  of  1.025.  The  fresh  waters  thai  enter 
the  (ireat  South  ba\  have  chlorine  contents  that  range  from  () 
to  10  parts  per  million,  but  these  figures  are  so  low  in  com- 
])arison  with  those  of  sea-water  that  tlu'\  ma\  be  ])ractically 
ignored  in  making  calculations.  l'"or  purposes  of  comi)arison 
the  following  table  has  been  made  out,  showing  the  specific 
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gravity  and  the  chlorine  content  of  water  containing  variou- 
percentages  of  sea-water : 

TABLE  SHOWING  THE  RELATION  BETWEEN  THE  SPECIFIC  GRAVITY 
OF  SEA-WATER  AT  60^  F.,  AND  THE  CHLORINE  IN 
PARTS  PER  MILLION 

(Based  on  some  experiments  made  at  Mt.  Prospect  Laboratory,  1903) 


Chlorine — 

*Per  cent. 

Chlorine- 

*Per  cent. 

Specific 

Parts  per 

OF 

Parts  PER 

Specific 

OF 

Gravity 

Million 

Se.\-Water 

MlLLION 

Gravity 

Sea-water 

1.000 

0 

0-' 

1.000 

0 

LOOl 

720 

4 

1,000 

1.0014 

6 

1.002 

1.440 

2^000 

1.0028 

11 

l.OO.'i 

2!  160 

12 

3!  000 

1.0042 

17 

1.004 

2^880 

l(i 

4^000 

1.0056 

23 

1.00.5 

3,600 

21 

5,000 

1.0070 

29 

1.006 

4,320  , 

25 

6,000 

1.0083 

34 

1.007 

5.040 

29 

7,000 

1.0097 

40 

l.OOS 

5,760 

33 

8,000 

1.0111 

46 

1 .009 

6.480 

37 

9,000 

1.0125 

52 

LOlO 

7.200 

41 

10,000 

1.0139 

57 

LOll 

7.920 

45 

11.000 

1.0153 

63 

1.012 

8.640 

49 

J  2.000 

1.0167 

69 

l.Ol.i 

9,360 

53 

13.000 

1.0181 

74 

1.014 

10.080 

57 

14,000 

1.0195 

80 

1.015 

10.800 

62 

15,000 

1.0209 

85 

I.OIG 

11.520 
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95 
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99 
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17.500 

100 
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18.000 

♦Sea-water  taken  as  that  containing  17.500  parts  of  chlorine  per  million 

During  Xoveniher  and  Dcccinhcr,  1907,  over  «300  samples 
of  water  were  collected  at  various  points  in  the  Great  South 
bay  between  Cedar  island  on  the  west  and  Smith's  point  on 
the  east.  At  first  samples  were  collected  at  points  somewhat 
irregularly  distributed  over  the  entire  bay,  but  later  several 
series  of  samples  were  collected.  Three  of  these  series  of 
samples  were  collected  on  east  and  west  lines  from  l>abylon 
to  Patchogue.  Three  series  of  samples  were  collected  on  north 
and  south  lines;  one  opposite  Bay.shore,  one  opposite  Nicoll's 
point,  and  one  opposite  Blue  Point.  Seven  series  were  col- 
lected at  certain  fixed  points  in  the  l)ay  through  a  complete 
course  of  tides.  In  addition  to  these,  numerous  other  sam- 
ples were  collected  at  random  in  connection  with  the  taking 
of  sami)les  of  oysters.  In  many  cases.  esi)ecially  at  first,  sam- 
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pies  were  collected  both  at  the  surface  and  at  the  bottom,  but 
after  it  was  found  that  the  differences  between  the  two  depths 
were  not  very  great,  many  of  the  surface  samples  were  dis- 
continued, and  only  the  samples  at  the  bottom  taken  for 
analysis. 

These  samples  were  analyzed  for  chlorine.  ]\Iost  of  the 
observations  were  made  by  Mr.  Fred.  G.  Bennet,  Assistant 
Engineer,  many  were  made  in  the  laboratory  of  the  New  York 
Water  Board  at  \'arick  street,  and  a  few  were  made  in  the 
laboratory  of  Hazen  and  Whipple. 

For  purposes  of  study  these  chlorine  observations  have 
been  plotted  on  a  map  of  the  Great  South  bay,  Sheet  118, 
Acc.  5538,  according  to  their  location,  and  from  these  points 
lines  representing  equal  amounts  of  chlorine  have  been  drawn. 
On  this  map  two  sets  of  lines  are  shown.  First,  a  series  of 
irregular  full  lines  representing  the  distribution  of  chlorine 
according  to  those  samples  that  were  collected  at  or  near  high 
tide,  and  second,  a  series  of  broken  lines  based  on  samples 
collected  at  or  near  low  tide. 

It  will  be  noticed  that  the  isochlors  based  on  the  higli  tide 
samples  tend  to  follow  the  currents  that  enter  the  bay.  There 
is,  for  instance,  evidence  of  the  fact  that  the  entering  sea-water 
passes  northward  through  the  west  channel  between  Sexton 
island  and  l-'ire  island.  11iere  is  also  seen  to  be  a  drift  of 
salt  water  down  the  center  of  the  bay  in  a  general  direction 
corresponfling  with  the  east  channel  and  at  the  area  of  deep 
water.  At  times  (jf  high  tide,  or  when  the  sea-water  is  run- 
ning into  the  bay,  the  chlorine  contents  api)ear  to  be  some- 
what higher  in  the  middle  of  the  bay  than  at  the  shores.  This 
is  well  >h()wn  ])y  the  higli  water  isochlors  in  the  middle  sec- 
tion of  the  bay.  The  effect  of  this  appears  to  be  lessened, 
however,  by  the  time  the  flow  has  reached  Bellport  bay. 

The  isochlors  based  on  the  low  tide  observations  are  more 
regular  anrl  sh()w  a  more  uniform  distribution  of  the  chlorine 
in  north  and  south  lines,  and  this  is  probably  due  to  diffusion 
and  to  the  intermingling  of  currents  after  the  water  has  been 
for  some  time  in  the  bay.  Xo  doubt  the  wind  has  nmch  to 
do  with  this  mixing  of  the  waters,  especially  at  times  when  it 
is  blowing  freely  from  the  north  or  south.  On  account  of  the 
greater  stability  of  these  low  tide  isochlors  they  are  more 
serviceable  for  use  in  studying  the  distribution  of  sea-water 
in  the  bay  and  in  making  calculations  of  what  it  will  be  after 


478 


APPENDIX  12 


a  portion  of  the  fresh  water  now  entering  the  bay  has  been 
diverted  from  it  than  the  high  tide  isochlors. 

Looking  at  these  low  tide  isochlors,  it  will  be  noticed  that 
in  the  western  part  of  the  bay,  near  the  inlet,  the  lines  extend 
from  northwest  to  southeast,  while  in  the  eastern  portion  of 
the  bay  the  lines  are  more  nearly  north  and  south.  The  reason 
for  the  general  inclination  of  the  isochlors  in  this  northwest 
and  southeast  direction  is  the  fresh  water  that  enters  on  the 
north  side  and  the  fact  that  the  entering  currents  remain  some- 
what closer  to  the  sandbar  on  the  south  side  than  to  the  main 
shore  on  the  north  side.  If  the  observations  are  studied  closely, 
indications  can  be  seen  of  the  effect  of  the  inflow  of  the  large 
streams,  such,  for  instance,  as  that  of  the  Connecticut  river. 
The  influence  of  this  stream,  taken  in  connection  with  that 
of  the  promontory  known  as  NicoU's  point,  tends  to  make  the 
water  in  XicoU's  bay  somewhat  fresher  than  it  otherwise  would 
be.  One  curious  condition  of  the  distribution  of  salt  water 
was  observed  in  Bellport  bay  just  east  of  Howell's  point.  Here 
was  found  a  small  region  considerably  more  saline  than  the 
rest  of  the  water  in  l>ellport  bay,  and  at  that  point  there  ap- 
pears to  be  a  sort  of  eddy,  the  fresh  water  of  Carman's  river 
passing  westward  to  the  south  of  it.  Whether  or  not  this  was 
influenced  by  the  channel  that  connects  ]^)ellport  bay  with  Mori- 
ches bay  was  not  determined.  The  influence  of  the  greater 
amount  of  fresh  water  entering  the  l)ay  on  the  north  side  than 
on  the  south  side  is  shown  by  the  fact  that  the  isochlors  on  the 
north  side  make  a  sharper  angle  with  the  shore  than  on  the 
south  side. 

The  water  in  the  ])ay  west  of  the  l^re  Island  inlet  is  only 
slightly  less  saline  than  the  water  of  the  open  sea.  'V\\\>  is 
probably  due  to  the  fact  that  it  receives  water  from  two  inlets, 
namely,  from  Gilgo  inlet  and  from  Vwq  Island  inlet.  (Icn- 
erally  speaking,  the  water  in  the  l)ay  west  of  I)ab\l()n  contains 
from  (S5  ])er  cent,  to  ])er  cent,  of  sea-water.  r)etween 
l*)a\'short'  and  XicoU's  j)oint  \hv  percentage  of  sca-waler  is 
])elween  7?  and  S3.  Ilctwcen  XicoU's  point  and  T.lne  Point 
it  is  l)ct wc'cn  .^5  and  7?.     lU'tween  Point  and  Mowell's 

j)oint  it  is  between  3.^  and  while  east  of  I  h)weirs  ])oint 

in  lielljjort  ba\'  it  varies  from  35  to  2?.  In  the  smaller  coves 
or  estuaries  of  the  inflowing  streams,  the  percentage  of 
sea-water  varies  from  this  latter  (igure  down  to  zero.  These 
ligures  refei-  to  the  conditions  at  low  tide.    At  high  tide  the 
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X^ercentages  of  sea-water  are  slightly  greater.  It  is  needless 
to  state  them  with  great  accuracy,  however,  as  they  are  subject 
to  more  or  less  change  according  to  the  volume  of  stream 
flow  and  tidal  flow.  The  latter  depends  partly  upon  various 
astronomical  conditions  covering  the  tides,  and  partly  upon  the 
direction  and  intensity  of  the  wind. 

Salinity  of  the  \\'ater.   Observations  ^Iade  in  1908 

A  preliminary  study  of  the  chlorine  distribution  in  the 
Great  South  bay  was  made  on  July  10,  11  and  12,  1908,  when 
two  lines  of  samples  were  collected  at  intervals  of  about  ^ 
mile  between  iiabylon  and  Howell's  point.  Beginning  with 
July  29,  1908,  samples  were  collected  with  as  nuich  regularity 
as  possible  at  certain  chosen  places  in  the  bay.  It  was  intended 
to  have  the  bay  covered  about  once  in  two  weeks,  but  in  order 
to  distribute  the  samples  over  the  different  phases  of  lunation 
the  plan  was  adopted  of  collecting  samples  on  two  successive 
weeks  and  then  skipping  two  weeks.  During  the  latter  part 
of  the  investigation  the  periods  were  more  regular. 

The  methods  of  analysis  and  the  general  conduct  of  the 
investigation  were  the  same  as  described  in  my  previous  report 
of  February  25,  1908.  covering  the  investigations  conducted 
during  Xovembcr  and  l)cccml)cr.  1*)07. 

CO.M  J'ARISOX  OF  SAr,IXn^'  DeTICRM  IXATIoXS  JX  1^)07  AND  1908 

Tlie  diagrams  on  Sheet  119,  show,  in  a  general  way, 
the  differences  between  the  amount  of  sea-water  in  the 
(h-eat  South  bav  during  November  and  December,  1907,  and 
during  tbe  ])criod  from  July  10  to  Xovember  20,  1908.  The 
lines  on  these  diagrams  show  the  progressive  decrease  in  the 
chlorine  contents  from  the  Fire  Island  inlet  to  the  east  end 
of  the  bay  along  the  central  longitudinal  axis. 

It  will  be  seen  that  in  Xovember  and  December,  1907,  there 
was  a  gradual  decrease  in  the  chlorine  content  in  an  easterly 
direction  from  al)out  17,000  parts  ])er  million  near  the  inlet 
to  6000  parts  per  million  at  the  east  end.  During  July,  1908, 
the  clilorinc  in  tlie  water  showed  substantially  the  same  dis- 
tribution. Tbe  summer  of  1908  proved  to  be  a  dry  one  and 
as  a  result  of  this  the  amount  of  fresh  water  in  the  bay  de- 
creased, until,  at  the  end  of  X^ovember,  the  amount  of  chlorine 
in  the  east  end  of  the  bay  was  about  10,000  parts  per  million 
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instead  of  7000  parts  per  million  a  few  months  previous.  There 
was  also  a  corresponding  increase  in  the  amount  of  chlorine 
at  other  points  in  the  bay.  This  increase  may  not  have  been 
entirely  due  to  the  dry  weather;  it  may  have  been  due  in  part 
to  changes  in  the  gates  at  the  easterly  end  of  Shinnecock  bay, 
where  there  is  a  connection  with  the  waters  of  Peconic  bay, 
which  resulted  in  an  increased  salinity  of  the  water  both  in 
Shinnecock  bay  and  in  [Moriches  bay.  The  data  are  not  suf- 
ficient to  warrant  any  definite  claim  of  this  kind,  l)ut  the  in- 
formation obtained  appears  to  indicate  that  something  of  the 
sort  probably  occurred. 

Studies  of  the  chlorine  distribution  during  1907  showed 
that  at  times  of  high  tide  the  isochlors  were  somewhat  differ- 
ently located  than  at  low  tide.  For  example,  when  the  water 
was  fi(nving  into  the  bay,  that  is,  in  an  easterly  direction,  the 
isochkjrs  were  convex  to  the  east  along  the  lines  of  the  main 
cliannels,  but  when  the  tide  was  going  out,  that  is,  when  the 
flow  in  the  bav  was  westerl}-,  the  isochlors  were  more  regular 
across  the  bay  ;  this  being  due,  apparently,  to  the  mixing  of 
the  water.  In  both  cases  the  isochlors  were  inclined  in  a  north- 
west and  southeast  direction,  showing  the  effect  of  the  greater 
infl(jw  of  fresh  water  on  the  northerly  side  of  the  bay. 

In  the  observations  of  190(S  this  same  general  condition  was 
found  to  ])revail.  and  it  was  further  ol)serve(l  tliat  there  were 
dift"erences  in  the  amount  of  salt  water  in  the  ba\'  that  cor- 
responded in  a  general  way  with  the  sj)ring  tides  and  neap 
tides.  The  automatic  tide  gage  maintained  throughout  the 
season  at  Uabylon,  Long  Island,  showed  fluctuations  of  a  foot 
or  more  in  the  mean  tide  level  between  the  spring  tides  and 
the  neap  tides.  Irregular  fluctuations  also  occurred,  due  to 
wind  and  rain.  W  hen  the  mean  tide  level  was  high  there  were 
also  greater  variations  in  the  daily  range  of  tide.  Thus  it  hap- 
l)ened  that  when  the  stage  of  the  water  at  the  mouth  of  the 
bay  was  low  there  was  a  greater  tendency  for  ground-water 
to  enter  the  bav  and  for  an  increased  How  of  water  out  of  the 
l)ay.  (  )n  the  other  hand,  when  the  water  at  the  inlet  was  high 
tbere  was  a  tendency  for  the  salt  water  to  enter  the  l)a\',  caus- 
ing an  increase  in  the  amount  of  chlorine. 

In  order  to  determine  more  closely  the  exact  elevation  of 
the  mean  sea-level  on  the  chkjrine  in  the  ba\',  series  of  daily 
samples  were  taken  during  the  month  of  Xovember,  1908,  at 
r.al)ylon.  Long  Island,  at  Xicoll's  point,  at  iUue  Point,  at  Bell- 
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port  harbor  and  at  Smith's  point,  samples  being  taken  both  at 
high  tide  and  low  tide.  The  results  of  these  analyses  are 
shown  in  the  figure  on  Sheet  120,  together  with  the 
mean  tide  level  at  Babylon  and  the  predicted  range  of  the 
tide  at  Sandy  Hook  as  given  in  government  tide  tables.  The 
results  obtained  were  somewhat  conflicting  and  are  not  fully 
explicable.  At  the  east  end  of  the  bay  the  amount  of  chlorine 
in  the  water  appeared  to  fluctuate  more  or  less  directly  with 
the  mean  tide  level  of  the  water,  but  at  the  other  points  men- 
tioned there  was  no  such  increase.  At  XicoU's  point  there  was 
a  marked  increase  in  chlorine  between  November  10  and  15 
for  which  no  adequate  explanation  has  been  found. 

It  is  apparent  from  these  observations  that  the  amount  of 
salt  water  in  the  Great  South  bay  is  by  no  means  constant. 
A^ariation  in  rainfall  make  one  year  difl:'erent  from  another 
year;  variation  in  the  mean  elevation  of  the  water,  due  to 
various  astronomical  conditions  affecting  the  tides,  and  to  the 
influence  of  strong  winds,  heavy  rainfalls,  etc.,  cause  periodic 
changes.  Then  there  are  also  variations  with  every  tide.  In 
addition  to  these  natural  conditions  there  are  the  artificial  con- 
ditions resulting  from  the  manipulation  of  the  gates  at  Shin- 
necock. 

Xo  oljservations  have  been  made  on  tlie  salinity  of  the  wa- 
ter during  the  spring  or  the  early  summer,  and  it  is  during 
the  months  of  Ma}-,  June  and  July  that  tlie  conditions  are 
most  critical  for  oyster  culture,  for  it  is  at  tliat  time  of  the 
vear  tliat  the  oysters  are  spawning  and  that  their  real  growth 
occurs.  \\\  tlie  end  of  August  the  shells  of  the  oNstcrs  liave 
very  nearly  attained  the  extent  of  a  season's  growtli  and  from 
that  time  on  the  physiological  ])rocesses  are  merely  sufticient 
to  keej)  the  oyster  alive  until  the  next  growing  season.  It  is 
t"air  to  assume  that  during  the  s])ring  and  the  early  snnimer  the 
amount  of  fresh  water  in  the  bay  is  greater  than  during  the 
fall  of  the  year  when  the  ol)servations  on  the  salinity  of  the 
water  have  been  made.  It  is  fair  to  assume  that  during  this 
growing  ])eriod  the  area  within  which  the  water  has  a  favor- 
able specific  gravity  lies  farther  to  the  westward  than  it  d(X"s 
later  in  the  season.  (  onse(|nently  the  elTect  of  the  (liwrsion 
of  the  ground-water  on  the  oyster-beds  at  that  season  would 
naturalK'  be  less  than  later  in  the  summer.  It  is  desirable  to 
have  a  few  series  of  chlorine  determinations  made  during  the 
months  of  .\])i-il.   May  and  June  in  ordc-i-  to  delennine  the 
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distribution  of  the  chlorine  in  the  water  during  the  oyster 
growing  season. 

The  year  1908  may  be  considered  as  an  abnormal  one  on 
account  of  the  low  rainfall  during  the  latter  part  of  the  sum- 
mer. Hence  the  calculations  showing  the  effect  of  diversion 
of  ground-water  at  that  time  ought  not  to  be  taken  as  repre- 
sentative of  ordinary  conditions.  The  observations  made  dur- 
ing July,  1908,  and  during  November  and  December,  1907, 
ought  to  represent  much  better  the  average  conditions  that 
prevail  in  the  bay  and  the  maps  prepared  for  the  year  1907 
may  be  regarded  as  more  nearly  expressing  the  average  con- 
ditions than  those  based  on  the  recent  data  obtained  during 
1908. 

The  observations  of  1908  are  valual)lc,  however,  as  indi- 
cating the  important  changes  that  may  occur  from  natural 
conditions  and  they  serve  to  explain  what  the  oyster  growers 
have  long  observed,  namely,  that  no  two  seasons  are  just  alike ; 
that  in  some  years  the  oysters  grew  best  in  the  easterly  part 
of  the  bay  and  that  in  other  years  they  grew  best  to  the  west- 
ward. 

For  example,  take  the  case  of  the  spawning  of  the  oyster. 
This  covers  a  comparatively  short  period  of  time  and  in  order 
that  a  good  set  shall  be  obtained  it  is  necessary  that  the  water 
be  of  a  proper  specific  gravity  and  at  a  ])r()per  temperature. 
If  at  a  time  when  the  temperature  of  the  water  is  at  its  opti- 
mum tlie  mean  elevation  of  the  water  happens  to  be  low,  the 
specific  gravity  of  the  water  in  tlie  eastern  part  of  the  Ijay  will 
be  reduced  and  a  good  set  of  oysters  will  occur,  but  if  at  this 
time  the  mean  tide  level  happens  to  be  high,  the  specific  gravity 
of  the  water  in  the  bay  will  be  increased  and  the  chances  of 
a  good  set  of  oysters  will  be  lessened.  Some  oyster  growers 
claim  that  there  is  a  relation  between  rainfall  and  the  set  of 
the  oyster.  Others  claim  that  there  is  no  such  relation,  but 
that  temperature  is  the  governing  factor.  The  observations 
here  made  appear  to  indicate  that  the  salinity  of  the  water  as 
aft'ected  hy  tidal  conditions  probably  plays  an  important  part 
in  determining  the  chances  of  a  good  oyster  set. 

During  the  fall  and  winter  the  effect  of  the  salinity  of 
the  water  on  the  oyster  is  comparatively  small.  During  that 
period  there  is  no  material  increase  in  the  size  of  the  shell. 
There  may  be,  however,  differences  in  the  plumpness  of  the 
oyster  meat  and  in  its  keeping  quality,  due  to  differences  in 
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salinity  of  the  water.  It  is  claimed  by  the  oystermen,  and  it 
seems  to  be  a  fact,  that  oysters  that  are  taken  from  water  in 
which  the  specific  gravity  is  comparatively  high  do  not  keep 
as  well  after  being  removed  from  the  water  as  oysters  taken 
from  fresher  water.  Indeed  this  is  one  reason  why  the  process 
of  "  floating  "  is  resorted  to.  Oysters  taken  from  waters  of 
nnnsnally  high  specific  gravity  are  apt  to  be  somewhat  less 
plump  than  those  taken  from  fresher  water.  These  matters 
are.  however,  of  very  minor  importance  in  comparison  with 
the  (piestion  of  growth  that  occurs  during  the  spring  and  earlv 
summer. 

Salixitv  of  the  Water  Over  the  Ovster-Beds 

From  the  data  that  have  been  ol^taincd,  isochlorine  maps 
of  the  bay  have  been  drawn  showing  the  salinity  of  the  water 
over  the  oyster-beds.  Sheet  122,  Acc.  5534,  shows  the  line 
of  equal  chlorine  in  parts  per  million,  based  on  the  data  ob- 
tained in  1907.  The  oyster-beds  are  indicated  by  the  cross- 
hatched  areas.  Sheet  123,  Acc.  ^hZI,  shows  the  specific  gravity 
of  the  water,  deduced  from  the  chlorine  determinations.  The 
shaded  area  l}ing  between  specific  gravities  1.013  and  1.020 
shows  the  location  of  the  water  of  most  favorable  salinity  for 
the  growth  of  oysters,  based  on  the  observations  made  during 
1907. 

Sheet  124,  Acc.  8342,  shows  the  (listril)ution  of  chlorine 
1)etween  Julv  20  and  November  22,  1*K)S,  on  the  days  when 
the  mean  elevation  of  the  water  was  lower  than  the  average 
for  the  period.  Sheet  125,  Acc.  S342,  shows  the  distribution 
of  clilorine  for  the  same  period  when  the  mean  elevation  of 
the  water  was  higher  than  the  average  for  the  ])erio(l.  Sheet 
126,  i\cc.  <S342,  shows  the  isochlorine  lines  ])ase(l  upon  all  the 
determinations  made  during  190S. 

Sheet  127,  Acc.  8532,  shows  the  location  of  the  water  that 
had  a  specific  gravit\-  l)etween  1.013  and  1.020.  If  this  is  com- 
pared with  Slieet  123.  Acc.  5532.  it  will  be  seen  tliat  the  water 
most  fa\  <  ii-aljle  for  tlie  growth  of  ox  sters  was  found  in  1*^08 
to  be  se\eral  miles  further  east  than  it  was  during  1*^07.  It 
is  evident,  therefore,  that  the  water  of  ()i)tinuun  density  does 
not  occupy  a  constant  ])osition  in  the  bay.  but  clianges  accord- 
ing to  the  various  meti'orological  and  tidal  conditions  al)ove 
enumerated. 
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Effect  of  the  Diversion  of  Ground-water  on  the 
Salinity  of  the  Bay 

Calculations  have  been  made  to  a>^certain  the  effect  of 
the  diversion  of  the  groiuid-water  on  the  salinity  of  the  water 
in  the  bay,  but  these  are  not  included  in  this  abridged  report. 

^Microscopic  Organisms.    Observations  of  1907 

The  sea-water  that  enters  the  Great  South  bay  at  the  Fire 
Island  inlet  contains  diatoms,  but  not  as  many  as  are  found 
in  the  water  in  the  bay.  On  December  7,  1907,  a  series  of 
analyses  of  samples  taken  in  the  inlet  at  Station  F  gave  from 
26  to  40  diatoms  per  cubic  centimeter,  the  principal  genera 
being  Synedra,  Nitzschia,  Navicula  and  Cyclotella.  The  num- 
bers were  larger  at  high  tide  than  on  the  ebb-tide.  On  De- 
cember 9,  1907,  a  sample  taken  at  the  inlet  after  the  tide  had 
been  running  out  for  four  hours  contained  75  organisnis  i)er 
cubic  centimeter,  26  of  which  were  diatoms.  This  sample 
contained  44  Conferva,  a  green  alga. 

The  entering  flood  tide  appears  to  have  one  current  that 
sweeps  northerly  between  Sexton  island  and  Fire  island  to- 
wards Bayshore.  In  this  region  the  diatoms  in  a  series  of 
samples  taken  across  the  bay  on  December  16  corresponded 
well  with  those  at  the  inlet,  but  beside  the  diatoms  the  water 
contained  some  Conferva.  At  an  earlier  date,  however,  De- 
cember 2  and  3,  the  organisms  in  this  region  were  somewhat 
higher.  A  series  of  samples  taken  at  Station  ]>,  Sheet  113.  Acc. 
F  577,  contained  from  26  to  07  organisms  per  cubic  centimeter 
at  different  stages  of  the  tide.  The  highest  numbers  were  ob- 
served at  high  tide,  and  they  decreased  on  the  ebb-tide. 

At  Station  I''.,  the  most  westerl}-  ])oint  at  which  samples 
were  collected  for  microscopical  examination,  the  numbers 
of  organisms  on  December  6  varied  from  24  to  62  and  aver- 
aged 43  ])er  cubic  centimeter.  At  Stations  and  1)  on  Decem- 
ber 4  and  5,  the  numl)ers  varied  from  47  to  S3  and  averaged 
about  6(S  j)cr  cubic  cenlimeter.  (^n  l^ecember  21.  the  numbers 
were  higher,  ranging  from  214  at  Station  K-l.  near  Station 
A,  to  112  al  Station  l\-17,  o])p()site  the  inlet.  In  this  series, 
however.  Conferva  was  more  abundant. 

in  the  western  end  of  the  ba\-  the  water  contained  a  good 
man\-  I  *)i(ldul])hia.  I  Meurosigma  and  other  genera  more  char- 
.'leteristir  of  salt  water  than  fresh  water. 
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The  microscopic  organisms  in  the  central  portion  of  the 
Great  South  bay  were  found  to  be  somewhat  more  numerous 
near  the  central  axis  than  at  the  shore.  From  the  Connet- 
quot  river  to  Patchogue  all  of  the  samples  collected  near  the 
north  shore  contained  less  than  50  organisms  per  cubic  centi- 
meter, while  in  the  broads  the  numbers  ranged  from  50  up 
to  more  than  100  per  cubic  centimeter.  A  longitudinal  series 
of  samples  from  east  to  west  was  collected  on  December  21, 
while  on  December  16  two  cross-sections  were  made,  one  from 
Xicoll's  point  to  the  Point  of  Woods,  and  the  other  from  Blue 
Point  to  the  Blue  Point  life  saving  station.  These  two  cross- 
sections  showed  larger  numbers  in  the  central  portion  than 
near  the  Long  Island  shore  or  the  Fire  Island  shore.  From 
east  to  west  the  numbers  of  organisms  differed  but  very 
slightly  from  Bayshore  to  Patchogue. 

On  December  19  a  series  of  samples  was  collected  at  dif- 
ferent hours  at  Station  J.  In  these  samples  the  numbers  of 
diatoms  were  about  the  same  as  were  observed  on  December 
16,  but  in  addition  to  the  diatoms  the  water  contained  large 
numbers  of  Conferva. 

On  December  18  a  series  of  samples  was  collected  at  Sta- 
tion I  at  dift'erent  hours.  These  samples  gave  microscopical 
results  >lig]itly  U)wer  than  were  obtained  at  Station  J. 

The  numbers  of  microscoj)ic  organisms  at  the  east  end 
of  the  Great  South  bay;  that  is.  in  l')ell])()rt  bay.  were  found 
to  be,  nn  the  whole,  slightly  lower  than  in  the  central  portion. 
This  is  shown  by  the  samples  taken  at  Station   K-19.  21, 

23  and  24.  in  which  the  microscopic  organisms  varied  from 

24  to  56  per  cubic  centimeter,  while  the  corresponding  figures 
for  the  stations  in  the  central  ])ortions  of  the  bay  varied  from 
4  to  120  per  cubic  centimeter. 

On  December  a  series  of  sanij^les  was  collected  at  Sta- 
tion Ci  at  different  hours,  which  contained  from  1<S  to  36  or- 
ganisms ])er  cubic  centimeter.  ( )n  Deceml)er  17  a  series  of 
samples  was  c(jllected  at  Station  Tl  in  whicii  the  organisms 
varied  from  24  to  52  per  cubic  centimeter. 

At  the  most  easterly  stations  in  Bell])ort  bay. — that  is.  near 
the  mouth  of  Carman's  river,  the  water  contained  rather 
more  organisms  than  in  the  waters  of  Bell])ort  bay.  Some 
of  these,  however,  were  different  in  character  from  the  other 
organisms  and  resembled  those  species  found  in  fresh  water, — 
as,  for  instance.  Tabellaria. 
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The  following  table  shows  the  principal  genera  that  were 
observed  in  the  waters  of  the  Great  South  bay  during  the 
investigation  of  1907,  and  also  the  largest  number  of  each 
kind  found  in  any  one  sample : 


^Maximum  number 
of  organisms  per 
cubic  centimeter 


Diatoms 

Amphiprora    5 

Amphora    2 

Biddulphia    22 

Cocconeis    5 

Coscinodiscus    8 

Cyclotella    56 

Cymbella    15 

Diatom  a    10 

Eunotia    32 

Fragillaria    32 

Isthmia   .  .  .  1 

^lelosira    32 

Meridion    2 

Xavicula    32 

Nitzschia    6 

Odontidium    15 

IMeurosigma    4S 

Surirclla   12 

Sxiiedra    118 

Tabcllaria    32 

(  )tiii-:k  (  )r(;.\\isms  ]M)rxr) 

Arcelhi    4 

Ciliata   

("onfcrva    320 

Dirflu-ia   '   10 

( lU  iii  tdininin   

(  )scillaria    2 

I'iiu'  Pollen   

IVndi.iinm    2 

Sponge  sj)irule    ^ 


SHEET  128 
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The  distribution  of  the  microscopic  organisms  is  shown 
graphically  on  a  map  of  the  bay,  Sheet  128,  Acc.  5536. 

The  water  entering  the  bay  at  Fire  Island  inlet  contained, 
in  round  numbers,  from  25  to  50  diatoms  per  cubic  centi- 
meter. 

The  water  in  the  Great  South  bay  west  of  the  Fire  Island 
inlet  contained  from  50  to  150  diatoms  per  cubic  centimeter. 

The  water  in  the  middle  portion  of  the  Great  South  bay 
contained  from  50  to  150  diatoms  per  cubic  centimeter,  except 
near  the  shores,  where  the  numbers  fell  below  50. 

In  Bellport  bay  the  diatoms  were  slightly  less  abundant  than 
in  the  central  portion  of  the  Great  South  bay. 

The  organisms  entering  the  Fire  Island  inlet  and  those 
found  in  the  Great  South  bay  west  of  the  inlet  comprise  many 
genera  which  are  distinctly  of  a  marine  type.  The  organisms 
found  in  Bellport  bay  at  the  mouth  of  Carman's  river  are 
more  nearly  like  those  found  in  fresh  water.  The  organisms 
found  in  the  central  portion  of  the  Great  South  bay,  where 
oysters  are  chiefly  grown,  comprise  genera  of  both  groups. 
The  differences  between  fresh-water  genera  and  marine 
genera  are  somewhat  vague,  but  generally  speaking,  most  of 
the  organisms  found  growing  in  Great  South  bay  may  be 
classed  as  brackish  water  growths.  Some  of  the  forms  found 
doubtless  have  the  power  of  growing  in  fresh  water,  but,  as 
a  matter  of  observation,  they  are  not  found  in  any  quantity 
in  the  streams  entering  the  bay.  Without  doubt  some  of  the 
organisms  found  in  the  oysters  enter  the  1)ay  with  tlie  river- 
water,  while  many  others  enter  the  bay  from  the  ocean  ;  but 
in  all  probal)ility  most  of  the  organisms  that  form  the  food 
of  the  oysters  rei)resent  growtlis  that  have  taken  place  in 
the  brackish  water  of  the  bay  itself. 

The  analyses  of  the  water  samples  that  have  been  made 
indicate  that  the  water  of  the  Cjreat  South  bay  is  a  fertile 
feeding  ground  for  oysters,  the  numbers  of  diatoms  being  gen- 
erally higher  than  the  figures  set  by  oyster  experts  as  indica- 
tive of  a  satisfactory  amount  of  food  supply.  Several  fac- 
tors probably  contribute  to  this  condition.  The  bay  is  land- 
locked and  is  comparatively  shallow,  hence,  the  temperature 
conditions  are  likely  to  be  favorable,  the  water  inside  the  bar 
being  warmer  than  that  outside  during  the  summer  season. 
The  presence  of  large  areas  of  shallow  water  offers  excellent 
opportunity  for  such  diatoms  as  tend  to  grow  on  the  bottom, 
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while  the  deeper  and  clearer  waters  give  opportunities  for 
the  growth  of  pelagic  forms.  \\'ithout  doubt  the  presence  of 
a  considerable  percentage  of  fresh  water  in  the  bay  tends 
somewhat  to  stimulate  the  growth  of  these  organisms.  It  is  a 
fact  well  known  among  water- works  engineers  that  if  ground- 
waters are  stored  in  reservoirs  exposed  to  the  sunlight,  heavy 
growths  of  diatoms  will  occur.  There  seems  to  be  no  reason 
why  this  may  not  be  the  case  in  the  Great  South  bay  and 
that  the  ground-water  entering  the  bay  at  the  bottom  in  the 
form  of  springs  may  tend  to  stimulate  growths  of  these 
organisms.  There  are  no  exact  data,  however,  to  show 
whether  this  actually  occurs.  The  analogy  of  the  growth  of 
diatoms  in  bodies  of  fresh  water  must  not,  however,  be  car- 
ried too  far,  for  it  has  been  found  that  the  principal  species 
of  diatoms  observed  in  the  bay  are  not  fresh-water  forms, 
but  those  that  thrive  best  on  brackish  waters,  while,  further- 
more, the  laboratory  experiments  have  shown  that  in  a  series 
of  water  of  varying  chlorine  contents,  seeded  with  the  same 
organisms,  the  most  intense  growths  did  not  occur  in  those 
containing  the  largest  proportion  of  fresh  water,  but  in  those 
which  contained  rather  more  salt  water  than  fresh  water. 
In  other  words,  exj^eriments  show,  as  one  might  naturally 
expect,  that  the  diatoms  characteristic  of  brackish  waters 
grew  best  in  waters  of  a  mean  salinity. 

^riCRoscoric  ( )Rr.AXis.MS.    Observations  ix  1908 

The  results  of  the  microscopical  analyses  made  during  the 
season  of  1908  have  been  tabulated  and  a  summary  of  the 
results  shown  in  a  series  of  diagrams.  The  results  were  re- 
ported not  in  terms  of  standard  units  but  in  "  numbers  of 
organisms  ])er  cubic  centimeter. "  \\\  far  the  largest  ]m-o- 
portion  of  the  microscopic  organisms  found  in  tlic  water  were 
diatoms,  but  there  were  a  few  green  alga\  ])r()tozoa  and  minute 
crustacccT.  The  diatoms  claimed  principal  attention  as  they 
form  the  bulk  of  the  food  suj)])ly  of  oysters. 

l^isTRi lU  Tiox  OF  Diatoms 
Hie  analyses  have  been  studied  in  various  ways  in  order 
to  determine,  if  possible,  some  of  tbe  factors  that  inlhience 
the  distribution  of  the  diatoms  in  the  bay.  The  results  of 
these  studies  are  given  in  a  series  of  six  diagrams,  Sheets 
129  to  134  inclusive.  Aces.  85<M  to  85%  inclusive,  these  dia- 
grams being  based  on  the  data  given  in  tiie  tables. 
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Sheet  129,  Acc.  8593,  shows  the  average  number  of  dia- 
toms in  certain  selected  areas  in  different  parts  of  the  hay, 
arranged  by  months.  The  average  numbers  of  diatoms  present 
in  these  areas  during  the  entire  period  of  investigation  were 
as  fohows : 


Number  of 

Area  Diatoms  per  Cubic  Location- 

Centimeter 


1   68  South  of  Conklin's  point 

2   76  North  of  Fire  Island  light 

3   62  South  of  Islip 

4   108  North  of  Old  Fire  island 

5   44  South  of  Nicoll's  point 

6   89  South  of  (Scene's  point 

7   85  North  of  L'  iiiL- Hill  life-saving  station 

8   88  North  of  Blue  Point  life-saving  station 

9   47  South  of  Blue  Point 

10   63  South  of  Patchogue  creek 

11   62  South  of  Howell  s  point 

12   70  West  of  Smith's  point 


It  will  be  seen  from  these  figures  that  there  is  no  great 
degree  of  regularity  in  the  distribution  of  the  diatoms  in  dif- 
ferent parts  of  the  bay.  Their  occurrence  appears  to  be  gov- 
erned by  other  things  than  location  in  the  bay. 

Sheet  130,  Acc.  8591,  shows  the  chron(jlogical  distrii)ution 
of  the  diatoms  in  these  twelve  areas,  from  the  latter  part  of 
July  until  the  end  of  November.  During  this  period  there  was 
a  gradual  increase  in  tlie  number  of  diatoms  present  in  the 
areas  in  the  central  part  of  the  bay.  This  increase  was  not 
as  marked  in  the  areas  in  the  easterly  end  and  westerly  end. 
During  the  period  the  numbers  fluctuated  w  idely  on  dif¥erent 
days. 

The  number  of  diatoms  found  in  the  areas  where  the  water 
was  shallow  appeared  to  be  somewhat  greater  than  in  the  areas 
of  deep  water;  thus,  comparing  Area  4  in  the  shallow  water 
north  of  Old  Fire  island  with  Area  3  just  north  of  it,  where 
tlie  water  was  deeper,  it  is  seen  that  the  diatoms  over  the 
flats  were  much  more  numerous  than  in  the  dee])er  water. 
This  is  also  found  to  be  true  if  Area  8,  north  of  the  Blue 
Point  life-saving  station,  is  compared  with  Areas  9  and  10, 
located  in  the  deep  water  of  Patchogue  bay.  Tn  order  to 
determine  this  point  more  definitely  a  si)ecial  study  was  made 
to  find  the  difference  between  the  organisms  ])resent  in  the 
samples  collected  where  the  water  was  less  than  six  feet  deep 
with  those  parts  of  the  bay  where  the  depth  was  greater  than 
six  feet.    The  results  of  this  study  are  shown  on  Sheet  132, 
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Acc.  8594.  It  was  found  that  the  average  number  of  diatoms 
per  cubic  centimeter  in  95  samples  collected  in  the  shallow 
water  was  70.3,  while  the  average  number  found  in  118  sam- 
ples collected  in  deeper  water  was  only  44  per  cubic  centi- 
meter. This  difference  between  the  deep  and  shallow  water 
seemed  to  be  a  constant  one.  In  Xovember,  however,  the  dif- 
ference was  less  marked  than  in  the  preceding  months. 

It  would  be  natural  to  expect  diatoms  to  grow  more  rap- 
idly on  the  bottom  of  the  bay  in  shallow  water  than  in  deep 
w^ater,  on  account  of  receiving  a  greater  amount  of  light,  but 
it  seems  to  be  a  fact  that  the  occurrence  of  the  diatoms  in 
the  water  over  the  shallow  areas  is  also  influenced  by  the 
wind. 

In  order  to  show  this  relation  between  the  occurrence  of 
diatoms  and  the  intensity  of  the  wind.  Sheet  134,  Acc.  8592, 
has  been  prepared.  In  this  diagram  the  results  obtained  on 
those  days  when  there  was  a  light  breeze  have  been  separated 
from  those  on  which  there  was  a  strong  w^ind,  comparison 
being  made  both  for  deep  water  and  shallow  water.  It  will 
be  seen  from  this  diagram  that  the  smallest  numbers  of  dia- 
toms occurred  in  deep  water  when  there  was  a  light  wind, 
and  that  the  largest  numbers  occurred  in  shallow  water  when 
there  was  a  strong  wind.    Thus : 


Number  of 

Number  of 

Determinations 

Diatoms 

  31 

33 

  29 

62 

  24 

57 

Shallow  water  

  Strong  wind  

  33 

87 

The  effect  of  the  wind  is  best  illustrated  during  the  month 
of  September  when  the  dift'erences  in  the  wind  were  ([uite 
marked.  During  this  month  the  numbers  of  diatoms  observed 
on  days  when  the  wind  was  light  varied  on  an  average  from 
about  38  to  about  68,  while  on  days  when  the  wind  was  strong 
the  numbers  varied  on  an  average  from  240  to  265  per  cubic 
centimeter. 

If  the  diatoms  arc  considered  as  a  class  there  seems  to 
be  comparatively  little  dilTerence  between  the  nnml)ers  (ob- 
served and  the  amount  of  chlorine  in  the  water.  14iis  is 
shown  on  Sheet  131,  Acc.  8505.  If,  however,  individual 
species  are  considered,  the  inlluence  of  tlie  chlorine  is  often 
marked.    Certain  dialonis  ;ip])c-ar  to  grow  best  in  com])ara- 
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tively  salt  water.  Other  diatoms  appear  to  grow  best  in 
waters  that  are  nearly  fresh,  while  still  others  multiply  most 
rapidly  in  waters  that  are  brackish. 

Sheet  133,  Acc.  8596,  shows  the  relation  between  the 
amount  of  chlorine  and  certain  species  of  diatoms.  Ihddul- 
phia  is  essentially  a  salt-water  form.  Xitzschia.  on  the  other 
hand,  appears  to  grow  best  in  waters  where  the  chlorine  is 
comparatively  low,  although  it  is  found  in  all  parts  of  the 
bay  and  usually  in  quite  large  numbers.  Xavicula  also  ap- 
pears to  be  favored  by  water  not  too  heavily  charged  with 
salt.  Cyclotella  is  one  of  the  forms  that  grows  best  in  waters 
of  moderate  salinity.  Although  this  organism  is  found  in  all 
])arts  of  tile  bay  it  appears  to  be  present  in  greatest  numbers 
in  the  middle  of  the  bay.  the  maximum  being  observed  in 
water  having  a  salinity  of  11,000  parts  per  million  of  chlorine. 
This  is  an  important  fact,  as  the  Cyclotella  is  one  of  the  most 
important  food  diatoms  of  the  oyster.  Such  organisms  as 
Nitzschia,  which  are  long  and  slender,  are  not  as  freciuently 
found  in  the  stomachs  of  the  oysters  as  the  circular  forms  of 
Cyclotella  and  Coscinodiscus.  The  oyster  ap]x^ars  to  exert 
a  selective  action,  to  some  extent  at  least,  in  tlie  choice  of 
its  food. 

It  appears  from  the  studies  tliat  liave  been  made  that  the 
great  source  of  the  oysters'  food  su])])ly  in  ( ireat  South  bay 
is  to  be  found  in  the  large  areas  of  shallow  water.  The  oys- 
ters themselves  are  located  in  tlie  deeper  waters.  The  effect 
of  the  wind  in  stirring  u])  the  water  o\cr  the  fiats  thus  tends 
to  increase  the  sui)ply  of  diatom  food  and  thereby  tends  to 
make  the  conditions  of  oyster  growth  more  favorable.  There 
is  no  reason  to  believe  that  the  growth  of  diatoms  over  the 
flats  would  be  very  materially  altered  by  changes  in  the  salin- 
ity of  the  water,  although  this  might  be  true  to  some  extent'. 
So  far  as  food  supply  is  concerned,  therefore,  there  is  little 
reason  to  believe  that  the  diversion  of  fresh  water  from  the 
bay  for  the  supply  of  Brooklyn  would  influence  the  food  sup- 
ply of  the  oysters  to  any  luaterial  extent. 

Lahoratorn'  l^xPKRf mexts  ox  Tin:  Crowtii  ov  Diatoms 

In  order  to  determine  whether  or  not  the  salinity  of  water 
affected  the  growth  of  diatoms,  some  laboratory  cxi)eriments 
were  begun  on  December  19,  1907.  A  sample  of  water  from 
Fire  Island  inlet  was  collected  and  diluted  with  distilled  water 
so  as  {<)  get  a  series  of  water  in  which  the  chlorine  varied  from 
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about  4000  to  16,000  parts  per  million.  Samples  of  the  Great 
South  Bay  water  were  also  collected  from  a  point  south  of 
Xicoll's  point  from  Bellport  bay  and  from  the  Connetquot 
River  inlet,  in  whicli  the  chlorine  ranged  from  about  2,000  to 
about  12,000  parts  per  million. 

Two  litres  of  these  various  samples  were  carefully  liltered 
through  sand  in  order  to  remo\  e  any  microscoi)ic  organisms 
present.  Portions  were  then  put  in  battery  jars  and  placed 
in  the  wdndow^  of  the  laboratory,  each  jar  being  seeded  with 
diatoms,  filtered  from  the  Great  South  I'ay  water,  in  such  a 
way  that  each  sample  contained  about  100  diatoms  per  cubic 
centimeter,  made  up  of  presumably  the  same  genera  in  each 
case. 

After  an  exposure  of  three  wrecks,  and  again  after  four 
weeks,  and  six  weeks,  portions  of  water  were  withdrawn  from 
each  jar  and  examined  microscopically.  The  results  of  these 
examinations  were  as  follows : 
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Diluted 
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Melosira  

Cyclotella  

Conferva  

Scenedesmus  

Synedra  Pulchella. 
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Synedra  
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The  following  summarized  figures  show  the  relation  be- 
tween the  growths  of  diatoms  and  the  amount  of  chlorine  in 
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the  water.  It  is  very  noticeable  that  the  largest  growths  of 
diatoms  occur  in  the  two  samples  that  contain  approximately 
12,000  parts  of  chlorine  per  million.  \Miether  these  results 
are  accidental,  or  whether  they  actually  show  a  definite  rela- 
tion between  the  chlorine  contents  and  the  diatom  growths, 
cannot  be  determined,  perhaps,  from  a  single  experiment  like 
this,  but  it  is  worthy  of  note  that  the  largest  numbers  of 
microscopic  diatoms  are  found  near  the  center  of  the  bay 
where  the  average  chlorine  is  not  far  from  that  which  gave 
the  maximum  growths  of  diatoms  in  the  jars. 

SUMMARY— MICROSCOPIC  ORGANISMS  PER  CUBIC  CENTIMETER 
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After 

After 

Chlor- 
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Four 
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Fire  Island  Inlet  water  
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64 
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On  Deceml^er  9  to  11.  I'XjJ,  samples  of  water  collecled  at 
various  points  iu  tlic  Creat  South  ba\-  gave  the  following 
figures : 


Parts  per  Million 


Date  Locality  Albuminoid  Free 

Ammonia  Ammonia 

December    9   Fire  Island  inlet   .122  .0.30 

11   Opposite  NicoU's  point   .168  .074 

11   Opposite  Blue  Point  216  .146 

11   In  Bellport  bay  140  .170 

11   Mouth  of  Connetquot  river  106  .116 

On  X()vem1)er  1'^  a  series  of  sam])les  was  collected  from 
liabylon  and  Patchogue  which  gave  the  following  analyses : 


Parts  per  Million 

Station  Locality  Albuminoid  Free 

Ammonia  Ammonia 


90                         Opposite  Babylon                                               .120  .120 

02                         Opposite  Bayshore                                             .184  .  .116 

94                         West  of  NicoU's  point  190  .138 

96                         Opposite  Oakdale                                               .2.56  .218 

98                         Opposite  Blue  Point                                           .214  .164 

99                         Patchogue  bay  220  .146 
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These  results  show  that  the  water  at  the  east  end  of  the 
bay  contains  considerably  more  organic  matter  than  the  water 
at  the  Fire  Island  inlet,  and  also  that  the  amount  of  decompo- 
sition going  on  there  is  greater. 

The  figures  just  quoted  are  somewhat  lower  than  those 
obtained  by  Prof.  Bashford  Dean  at  Patchogue  in  the  vicinity 
of  the  l)kie  Point  oyster-beds  during  the  summer  of  1885. 

Physical  Coxdition  of  the  Water  of  Great  South  1)Av 

Many  determinations  of  the  turbidity,  color  and  odor  of 
samples  of  water  collected  from  the  Great  South  bay  were 
made  during  November  and  December,  1907.  The  results 
have  been  tabulated  and  plotted  on  a  map  of  the  bay.  Sheet 
135,  Acc.  Sh?)7. 

The  sea-water  entering  the  bay  at  the  Fire  Island  inlet 
is  comparatively  clear,  but  in  the  eastern  part  of  the  bay  the 
water  is  more  turbid.  The  color  of  the  bay  water  is,  as  a 
rule,  quite  low^,  but  in  certain  places  near  the  Long  Island 
shore  the  color  is  higher.  As  a  rule  the  water  has  very  little 
odor,  l)ut  occasionally  samples  were  taken  that  had  traces  of 
fishy  odors  and  odors  suggestive  of  oysters.  ^Nlost  of  these 
samples  were  taken  from  the  oyster-beds. 

Olautv  of  the  Water  ix  the  Ixfi.owlxg  Strea.ms 
Observations  of  1907 

1lie  (piality  of  the  surface-water  llowing  into  the  Great 
South  l)ay  is  shown  by  the  analyses  in  Tal)le  3^).  The  samples 
included  in  this  table  were  collected  on  January  7,  P)08,  from 
15  of  tlie  largest  streams  that  How  into  tlie  liaw 

The  water  in  tliese  streams  \  arie(l  consi(leral)ly  in  charac- 
ter. Some  of  them  were  C()nsi(leral)ly  polhiled;  others  only 
slightly  ])o]lute(l.  Generally  si)eaking,  the  amounts  of  organic 
and  mineral  matter  carried  hy  them  are  comparati\el\'  small 
and  c< )ii>i(k'ral)l\'  less  than  the  amount  of  organic  matter  that 
was  found  in  the  water  of  the  bay  itself. 

The  numbers  of  microscopic  organisms  in  the  samples 
were  also  small.  'Hie  most  i)r()minent  organism  was  An- 
thophysa.    There  wc-re  few  diatoms  in  any  of  the  samples. 

These  stream^  probably  do  not  differ  maleriall\-  in  their 
microsco])ir  organisms  fr  )ni  ilic  si  reams  of  the  present  water- 
su])])l\-  of  iirookUn.  The  following  figures  based  on  the 
analyses  of   weekl\-   samples   show    the   a\-erage   nninbeivs  of 
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organisms  in  the  ponds  of  the  Brooklyn  system  during  the 


years  1897  to  1902: 


Average  number  of 
microscopic  organisms 
per  cubic  centimeter 


Alassapequa  pond  . 
Wantagh  pond  .... 
Newbridge  pond  .  . 
East  ^leadows  pond 
^lillburn  pond  .... 


47 
42 
21 

33 
28 


These  figures  are  not  large.  ^loreover,  they  represent 
growths  in  the  reservoirs  rather  than  the  organisms  in  the 
water  of  the  streams  themselves. 

The  best  available  data  indicate  that  the  organisms  in  the 
streams  furnish  only  an  insignificant  quantity  of  food  supply  of 
the  oyster. 

Analyses  of  several  of  the  ground-waters  in  Suffolk  county 
show  that  in  them,  also,  the  amounts  of  organic  mineral  mat- 
ter are  comparatively  small.  These  analyses  were  given  in  full 
in  m\-  report  to  the  Commission  of  Additional  Water  Supply 
of  \ew  York  City  in  1903. 

During  the  next  10  or  20  }ears  it  ma\'  be  reasonably 
expected  that  the  mineral  and  organic  contents  of  both  the 
ground-water  and  surface-water  entering  the  Great  South 
bay  will  be  increased  for  the  reason  that  the  population  on 
the  watershed  is  constantly  becoming  larger.  'Hie  extension 
of  the  residential  districts  into  Nassau  county  will  more  and 
more  force  the  farming  interests  eastward,  and  the  increase 
of  farming  in  Sufifolk  county  and  the  use  of  larger  amounts  of 
fertilizers  will  materially  increase  the  amount  of  food  mate- 
rial for  the  microscopic  organisms  that  will  be  carried  into 
the  bay.  This  natural  increase  in  food  material  will  more 
than  offset  any  loss  by  the  diversion  of  ground-water.  Furth- 
ermore, some  of  the  towns  on  the  watershed  already  need 
sewerage  systems,  and  it  ma\'  be  exj)ectcd  that  in  the  near 
future  such  systems  will  be  built  at  several  ])laces.  In  order 
to  properly  safeguard  the  oyster  industry  in  the  bay  it  will 
be  i)rudent  to  ])urify  the  sewage  of  such  communities  before 
it  is  allowed  to  be  discharged,  but  even  after  purification  the 
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residual  amounts  of  organic  matter  added  to  the  waters  of 
the  bay  will  tend  to  stimulate  the  growth  of  diatoms.  Con- 
sidering the  fact  that  the  diatom  crop  in  the  bay  is  now  ample 
for  the  needs  of  the  oysters,  and  considering  the  natural  in- 
crease that  may  be  expected  in  the  amount  of  food  material 
turned  into  the  bay  in  the  near  future  by  reason  of  increased 
population  on  the  watershed,  there  is  no  reason  to  fear  that 
the  slight  deduction  of  food  material  entering  the  bay  in  the 
form  of  springs  will  be  of  any  practical  significance  to  the 
oyster  industry.  The  effect  of  the  increasing  population  on 
the  sanitary  conditions  is  of  far  greater  importance. 

Quality  of  the  Water  ix  the  Ixflowinx.  Streams 
Observations  of  190cS 

On  September  3,  1908,  a  trip  was  made  by  automobile 
from  Amity ville  to  Bellport,  and  samples  of  water  collected 
from  all  of  the  important  streams  flowing  into  the  Great  South 
bay.  The  results  of  the  analyses  of  these  samples  are  shown 
in  Table  40.  Other  samples  were  also  collected  from  some 
of  the  inlets  as,  for  instance,  at  Bayshorc,  Islip.  Say  ville  and 
Patchogue  (see  Table  41). 

The  bacteriological  analyses  bear  out  the  investigation  that 
was  made  in  1907  and  show  that  many  of  these  streams  are 
more  or  less  polluted  with  fecal  matter.  Some  of  the  sam- 
])les  showed  the  presence  of  1).  coli  in  (juantitics  of  water  as 
small  as  0.1  cubic  centimeter.  The  samples  from  the  inlets, 
in  ])articular,  showed  contamination,  the  numbers  of  bacteria 
l)eing  high  and  the  tests  for  W.  coli  indicating  the  presence  of 
this  intestinal  germ  in  comparatively  large  numbers. 

The  ])ractice  of  floating  oysters  in  the  inlets  is  still  con- 
tinued. On  the  day  of  the  inspection  men  were  seen  taking 
oysters  from  two  floats  in  tlie  inlet  at  I'ayshore.  while  on 
the  same  day  sam])les  of  water  collected  from  this  inlet  showed 
it  to  l)c  contann'nated. 

The  samples  of  water  collected  from  the  \arious  streams 
were  also  tested  for  hardness  and  alkalinity  and  for  the  most 
part  the  water  was  foimd  to  be  extremely  soft.  In  a  few 
cases  the  analyses  showed  the  alkalinity  as  higher  tlian  the 
hardness,  but  these  figures  are  probably  in  error,  tlie  excess 
being  due  to  alkalinity  (K'ri\-e(l  from  the  bottles  used  in  the 
collection  of  the  samples.  Thert'  seems  to  1)e  no  doubt,  how- 
ever, that  llu-  alkalinit)'  and  hardness  are  \ery  much  the  same. 


TABLE  39 

.YSEs  OF  Samples  from  Streams  Tributary  to  the  Great  South  Bay 
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/  Santapogue  river  Carll's  River  spill-  Sampawam's 


1:30  A.  1 


2883 
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South  Have 
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These  figures  agree  substantially  with  others  recently  reported 
and  difl:'er  from  some  of  the  published  figures  in  the  report 
of  the  Commission  on  Additional  Water  Supply,  which  figures 
apparently  were  in  error  so  far  as  the  amount  of  permanent 
hardness  is  concerned.  In  a  few  cases,  as,  for  instance,  the 
stream  entering  east  inlet  at  Bayshore,  there  may  have  been 
some  admixture  of  sea-water,  accounting  for  the  high  chlorine 
and  for  the  incrustants,  but  this  sample  was  considerably  pol- 
luted and  part  of  the  increase  was  probably  due  to  the  pollu- 
tion. The  high  chlorine  in  the  stream  at  West  Sayville  and 
at  Patchogue  were  probably  also  due  to  the  effect  of  pollution. 
The  chlorine  in  the  Swan  riyer  at  the  South  Country  road 
probably  w^as  due  to  an  admixture  of  sea-water.  None  of 
the  waters  of  the  various  inlets  can  be  considered  as  grossly 
polluted,  but  some  of  them  as,  for  instance,  at  Bayshore,  Islip 
and  Patchogue,  are  so  subject  to  contamination  that  oysters 
ought  not  to  be  floated  in  these  waters.  The  basin  at  the 
mouth  of  the  creek  at  Sayville  appears  to  be  fairly  satisfac- 
tory from  the  sanitary  stand] )( )int.  and  much  better  than  the 
waters  of  the  inlets. 

Qi'AiJTv  OF  Till-:  (  )n  sti:ks  i  x  tiik  (ikKAT  Sol  Til  r».\v 

Many  samples  of  oysters  from  different  ])arts  of  the  (Ireat 
South  hay  were  examined.  In  general  it  may  l)e  said  that 
the  sanitary  condition  of  these  oysters  was  satisfactory.  Many 
samples  were  tested  for  B.  coli,  but  the  results  were,  for  the 
most  part,  negative. 

Examinations  were  made  of  the  contents  of  the  stomach 
and  intestines  of  the  oysters  collected.  Tt  was  found  that  the 
diatoms  in  the  stomach  corres])on(led  in  kind  to  those  found  in 
the  water,  but  the  quantitative  analyses  did  not  yield  results 
from  which  any  important  conclusions  could  be  drawn.  These 
data  are  theref(jre  omitted  from  this  abridged  re])ort. 

Natl  ral  Adx  axtages  of  the  (ikFAT  SoL'Tii  Way  as  ax 
Oyster  Grouxd 

The  Great  South  bay  is  a  favora1)le  |)lace  for  growinf^ 
oysters  for  the  following  reasons : 

(1)  The  specific  gravity  of  the  water  is  favorable  over  a 
considerable  portion  of  the  area. 

(2)  The  depth  is  favorable  both  for  oyster  grcnvlh  and 
for  convenience  of  cultivation  and  harvesting. 
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(3j  The  bottom  in  the  main  channel  is  generally  clean  and 
hard. 

(4)  The  food  supply  is  ample.  This  may  be  considered 
as  being  due  partly  to  the  inflow  of  fresh  water,  partly  to  the 
comparative  shallow  depth  of  the  baj^-  which  tends  to  increase 
the  temperature  of  the  water  during  the  summer  season,  and 
thereby  favor  diatom  growth,  partly  to  the  existence  of  large 
areas  of  mud  flats  suitable  for  diatom  development,  and  partly 
to  the  land-locked  character  of  the  bay  which  tends  to  pre- 
vent a  rapid  interchange  of  water,  thus  holding  in  the  bay  a 
large  percentage  of  the  diatoms  that  grow  there. 

(5)  The  currents  in  the  main  channels  where  the  oyster 
beds  are  located  are  ample  to  supply  the  oysters  with  food,  to 
prevent  fouling  of  the  water  at  the  bottom  by  silting,  and  to 
prevent  stagnation. 

(6)  The  bay  is  com])arativelv  free  from  the  (lei)redations 
of  starfish  and  other  enemies  tliat  are  essentially  of  a  salt- 
water character. 

(7)  The  bay  is  comparatively  free  from  contamination. 

(8)  The  location  of  tlic  area  is  favorable  with  respect  to 
the  New  York  market. 

Natural  Changes  that  May  Take  Place  tx  tin-:  I'.av 

It  has  already  been  remarked  tliat  the  san(l-l)ars  that  en- 
close the  beds  on  the  south  shore  of  Long  Island  arc  not 
permanent.  It  is  not  at  all  impossible  that  1)reaks  caused  by 
natural  agencies  tlu-ough  tlie  bar  may  occur  at  one  or  more 
points  some  time  in  the  future.  Tlie  present  conditions  are 
by  no  means  assured  of  permanency.  Already  within  the  last 
few  years  considera1)]c  clianges  have  taken  ])lace  at  Fire  Island 
inlet.  Should  a  break  occur  in  the  sand-har  in  the  vicinity 
of  Blue  Point  or  at  some  other  point  east  of  that,  there  would 
be  a  marked  increase  in  the  salinity  of  the  water  at  the  east 
end.  This  would  have  a  generally  favorable  effect  u])on  the 
oyster  culture  in  that  section.  Prof.  Bashford  Dean,  in  his 
report  to  the  New  York  Commission  of  Fisheries  in  1(S86, 
apparently  appreciated  the  advantage  that  would  accrue  if  the 
water  in  this  section  of  the  bay  were  more  saline,  for  he  states 
that  "  the  saltness  of  the  water  must,  however,  be  taken  into 
consideration.  It  would  seem  that  the  enormous  facilities  for 
oyster  feeding  are  in  some  way  counter-balanced  by  the  de- 
ficiency in  tlie  saltness  of  the  water  and  it  can  liardly  be  ([ucs- 
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tioned  that  with  a  sHghtly  increased  saltness  of  the  water,  with 
a  specific  gravity  of  1.016  instead  of  1.012,  the  remarkable 
fresh-water  resources  of  the  bay  would  make  it  the  most  efti- 
cient  of  our  state  oyster  grounds." 

It  is  said  that  the  general  tidal  level  of  the  sea-water  in 
the  vicinity  of  New  York  is  rising  with  respect  to  the  land  at 
the  rate  of  something  less  than  one  foot  in  a  century.  If  this 
is  true  it  may  be  expected  that  there  will  be  a  natural  in- 
crease of  the  saltness  of  the  water  in  the  bay  as  time  goes 
on.  This  may  not  be  an  important  matter,  but  certainly  the 
tendency  would  be  in  that  direction.  In  Bash  ford  Dean's  re- 
port there  is  given  a  table  of  specific  gravities  of  the  water 
over  the  oyster-beds  in  the  vicinitv  of  Blue  Point  near 
Patchogue.  Weekly  observations  w^ere  made  from  July  20 
to  September  16  which  showed  that  the  specific  gravity  at 
that  time  averaged  about  1.011.  A'ariations,  however,  were 
noted  from  1.009  to  1.014.  According  to  the  recent  determi- 
nations the  specific  gravity  of  the  water  in  the  same  section 
has  been  very  slightly  higher  than  it  w-as  in  18S6. 

Xatural  changes  may  take  place  also  in  the  amount  of  fresh 
water  entering  the  bay.  These  changes  will  depend  upon  the 
rainfall.  Periods  of  drought  may  lie  succeeded  by  periods  of 
heavy  rainfall  and  these  changes  nuist  inevitably  cause  mate- 
rial difi'erence  in  the  salinity  of  the  water  of  the  bay. 

Winds  and  storms  are  also  likely  to  cause  alterations  on 
the  deposits  over  the  bottom  of  the  l)ay,  changes  in  currents 
ma\'  cause  relocations  of  sand-bars,  whole  channels  ma\'  l)e- 
come  filled  up  and  new  channels  may  be  opened,  sandy  areas 
now  used  for  oyster  cultures  may  become  foul  with  nmd. 
while  other  areas  may  be  scoured. 

These  and  many  other  changes  are  bound  to  influence  the 
growth  of  oysters  in  the  bay.  ATany  of  them  are  of  such  an 
uncertain  character  that  they  cannot  be  reckoned  with.  1'hese 
natural  changes  will  doubtless  damage  some  beds  and  benefit 
others. 

M(  )kl(  lih:.S  WW 

Oysters  are  not  commercially  grown  in  Moriches  bay  as 
the  water  there  is  too  fresh.  (  )n  December  7,  1<K)7,  three 
sam])les  of  water  were  collected  at  varions  points  in  the  west- 
ern half  of  tlie  l)a\'.  i)nt  were  found  to  contain  chlorine  to 
tlie  extent  of  onlv  5250  to  5S()0  j)arls  per  million.     The  water 
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at  this  point  is.  therefore,  made  up  of  about  two-thirds  fresh 
water  and  one-third  sea-water.  ^Moriches  bay  is  not  used  for 
oyster  culture  on  account  of  its  lack  of  salinity,  but  it  is  said 
that  i)rojects  have  been  considered  for  cutting  an  opening 
through  Fire  island  in .  order  to  admit  salt  water  and  thus 
make  it  possible  to  use  this  bay  for  oyster  culture.  It  is  un- 
likely, however,  that  this  would  be  a  profitable  undertaking 
on  account  of  the  shallowness  of  the  water  over  the  greater 
part  of  the  bay.    (Sheet  136,  Acc.  X  4909). 

SHIXXECOCK  BAY 

Until  within  a  comparatively  recent  period  the  waters  of 
Shinnecock  bay  were  too  fresh  for  growing  oysters  com- 
mercially, but  since  the  construction  of  the  Shinnecock  canal 
it  is  said  that  there  has  been  an  increase  in  the  salinity  of  the 
water  in  the  eastern  part  of  the  bay,  and  the  industry  is  now 
fairly  productive.  There  is  no  natural  connection  of  Shinne- 
cock bay  with  the  ocean  on  the  south  side^  but  canals  have 
been  cut  through  the  sand-bar  in  order  to  increase  the  salinity 
of  the  water.  These  have  a  tendencv  to  fill  up  with  sand  and 
are  not  permanent. 

On  December  bS  and  again  on  December  24,  samples  of 
water  wxre  collected  at  various  points  in  Shinnecock  bay  from 
its  westerly  end  to  its  outlet  in  the  Shinnecock  canal.  The 
chlorine  in  these  samples  varied  from  S650  parts  jx'r  million  at 
the  westerly  end  to  11,500  parts  per  million  in  the  Shinnecock 
canal.  Throughout  the  greater  part  of  the  bay  the  chlorine 
was  about  10,500  ])arts  ])er  million.  The  water  here,  there- 
fore, contained  about  60  per  cent,  of  sea-water  and  40  ])er  cent, 
of  fresh  water. 

(  )n  December  27,  1907,  a  scries  of  samples  of  ox  sters  was 
received  from  the  easterly  end  of  Shinnecock  bay.  All  of  these 
samples  gave  negative  tests  for  the  colon  bacillus.  They  were 
all  of  fair  (piality.  but  the  flesh  was  somewhat  soft  and  dark 
colored.  The  chlorines  ran  between  10,000  and  11,000  parts 
])er  million.  (  )n  the  whole,  these  o\-sters  were  not  (juite  as 
attractive  as  the  average  run  of  oysters  of  similar  size  found 
in  the  (ireat  .South  bay. 
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On  the  same  date  samples  of  water  were  collected  and 
analyzed  for  chlorine,  with  the  following  results  : 


ANALYSES  OF  WATER  FROM  SHIXXECOCK  BAY 


Labora- 

Chlorine 

tory 

^L\RKED 

Parts  per 

No. 

Million 

574 

200  feet  east   of  Quogue  bridge,  middle  of  channel.  December 

18,  1907.  10.00  A.M.  (1)  

8.050 

575 

Shinnecock  bav    \   mile   east   of   Quogue   bridge,   middle  of 

channel.     December  18,  1907,  10:15  A.M.  (2)  

10,100 

576 

Shinnecock  bay,  800  feet  southeast  off-shore  over  oyster-beds. 

December  18,  1907,  10:40  A.M.  (3)  

10,400 

577 

Shinnecock  bav,  1.200  feet  southeast  off-shore  over  oyster-beds. 

December  i  s.  I'.io?.  1  ( ) :.').')  A.  M .  (4)  

10,550 

578 

Shinnecock  bay.  chaiuul  otT  Shinnecock,  Long  Island  station. 

10,650 

580 

Bridge,   Canoe  place,  taken  Decembtr  IM.   1907,  9:45  A.M. 

Shinnecock  canal.    J.  W.  Linnev,  ('ulUt  tor  

11,550 

581 

Shinnecock  bav.  off  Cormorant  point  in  t  lianiu'l.     December  24, 

1907.  11  :.■!() '.v.  M.     J.  W.  Linnev,  (Mll.d.:!-  

11,300 

582 

Shinnec'iLk  iiaw  uff  Ponquogue  point  '.n  i  haniiLl.     December  27, 

1907.  10:30  A.M  

10,950 

JAMAICA  WW 

The  oyster  industry  in  Jamaica  bav  is  quite  large.  Condi- 
tions there  are  said  to  be  very  favorable  for  the  growth  of 
oysters,  altjiough  they  are  objectionable  from  a  sanitary  stand- 
point. On  Xovembcr  29,  1907,  a  series  of  samples  was  col- 
lected in  Jamaica  ba}',  the  results  of  which  are  given  in  tables 
following.  Comparison  of  tlie  cliemical  analysis  of  the  water 
with  that  of  the  (ireat  South  l)ay  will  sliow  that  while  the 
amount  of  allniminoid  ammonia  is  not  greatly  different,  the 
amount  of  free  ammonia  is  very  much  higher. 

( Jn  November  2'),  l')07,  sami)les  of  oysters  were  obtained 
from  Jamaica  b'av  at  a  point  a  short  distance  southwest  of 
Ruftle  bar.  Out  of  six  samples  tested  for  !>.  coli  two  gave 
])ositive  results  in  one  cubic  centimeter  of  the  oyster  li(]Uor, 
indicating  that  the  water  at  that  ])oint  was  not  free  from  con- 
tamination. Aside  from  tliis  unsatisfactory  sanitary  sliowing, 
the  oysters  were  of  fair  (piality.  The  chlorine  in  the  oyster 
liquor  was  about  15,000  parts  per  million.  The  locations  of 
the  sam])les  are  shown  on  Sheet  137,  Acc.  5531.  and  tlic  rcsuUs 
of  the  anabses  were  as  follows: 
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RESULTS  OF  ANALYSIS  OF  SAMPLES  OF  WATER  FROM  JAMAICA  BAY, 

LONG  ISLAND 

COLLECTED  ON  NOVEMBER  29,  1907,  BY  C.  M.  EVERETT 


NuM-  Chlor-  Diatoms  B.  Coli  in 

BER        Hour  Depth       ixe  Tur-  Per  OxeCibic 

OF  OF  OF         Parts  bid-   Color  Cubic        Cexti-  Remarks 

Sta-   Collection-*  Sample      Per  ity  Cexti-  meter 

Tiox  Million  meter    of  Water 


J** 

9:30  A.M. 

0.0 

14.420 

15 

11 

33 

1 

9:.30  •• 

3.5 

14.870 

15 

8 

42 

2** 

10:00  • 

0.0 

14,670 

8 

7 

21 

2 

10:00  •• 

10.0 

14,970 

5 

7 

26 

3 

10:20  •' 

0.0 

14,970 

6 

17 

31 

3 

10:20  ■• 

22.0 

15.070 

4 

12 

18 

4 

10:50  •• 

0.0 

14,970 

4 

9 

18 

4 

10:50  • 

4.0 

15.070 

4 

8 

38 

5 

11:25  •• 

0.0 

14,120 

3 

10 

8 

o 

11:25  * 

10.0 

14,220 

4 

9 

6 

() 

12:15  P.M. 

0.0 

13,050 

4 

13 

9 

12:15  •■ 

10.0 

13,475 

3 

9 

19 

7 

1:45  ■ 

0.0 

15,270 

4 

() 

15 

7 

1:45  • 

15.0 

15.170 

4 

7 

35 

8 

2:20  • 

0.0 

14,720 

3 

15 

45 

8 

2:20  • 

15.0 

14,720 

4 

7 

56 

9 

2:50  " 

0.0 

13,825 

5 

7 

24 

9 

2:50  " 

5.0 

13,975 

5 

G 

21 

Caas  CaCO: 
=  771 


♦High  tide  at  Sandy  Hook  at  2:10  P.M. 
♦♦Samples  1  and  2  were  collected  in  Sheepshead  bay 


DESCRIPTION  OF  SAMPLE 
Laboratory  numbe.-  .  .  27T)4  2765 

Source  of  sample 

Jamaica  bay.  .                                                                  .  .Station  5 
Date  of  collection.  .   November  29,  1907 

C  IIEMICAL  ANALYSIS 

Nitrogen  as 

Albuminoid  ammonia    .1^2  .196 

Free  ammonia     .M6  .664 

Nitrites     .OSO  .080 

Calcium  carbonate.    771.000 

hacteriglogical  analysis 

Number  of  bacteria  per  cubic  centimeter   8  6 
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AGRICLXTL'RAL  INTERESTS  OF  SUFFOLK  COUNTY 
AXD  EFFECT  OX  THEM  OF  PROPOSED 
DR^ERSION  OF  GROUXD-W'ATER 
TO  XEW  YORK  CITY 

I?V  WALTER  E.  SPEAK.  DIVISION  ENGINEER 

Ag^riculture  has  been  one  of  the  leading  industries  on  Long- 
Island  since  its  settlement,  and  to-day  truck  farming,  to  which 
agricultural  activity  is  to  a  great  extent  confined,  is  of  the  first 
importance.  The  industry  is  practiced  most  extensively  in 
Queens  and  Xassau  counties,  although  large  areas  in  Suiiolk 
county  are  devoted  to  truck  gardening  and  general  farming. 
The  menace  to  the  prospective  agricultural  interests  in  Sullolk 
county,  which  the  farmers  there  mistakenly  see  in  the  i)ro- 
posed  diversion  of  the  surplus  ground-waters  to  X>w  York 
City,  has  apparently  been  one  of  the  principal  obstacles  to  the 
acquirement  of  this  much  needed  supply  for  Brooklyn  borough. 
A  full  understanding  of  the  movement  of  the  ground- waters  in 
these  Long  Island  soils,  and  an  appreciation  of  the  means  by 
which  the  moisture  needs  of  vegetation  are  supplied,  are  sufti- 
cient  to  show  the  falsitv  of  the  position  taken  bv  the  agricul- 
tural interests  of  Suffolk  county. 

The  success  of  agricultural  operations,  in  (piile  all  of  the 
farming  districts  in  Long  Island,  is  cntireK-  de])en(lent  ui)on 
the  amount  and  distribution  of  the  rainfall,  the  character  of 
the  soil  and  the  means  taken  to  conserve  the  rains  in  the  sur- 
face strata.  With  the  exception  of  small  areas  here  and  there 
in  Sufifolk  county,  as  well  as  in  X^assau  and  Ouecns,  the  grow- 
ing croj)s.  shrubs,  trees  and  other  vegetation  cannot  draw  upon 
the  ground-water  after  it  once  passes  the  surface  soiL  and 
percolates  dtAvnward  to  the  main  water-table,  ll  makes  little 
diflference  therefore  in  the  success  of  agricullnral  operations, 
where  the  surface  of  the  ground-water  is  when  the  \egelation 
cannot  normallv  draw  uj)on  it,  and  it  will  be  shown  that  out- 
side of  a  few  areas  representing  but  a  small  percentage  of 
SulTulk  ctiunty,  farming  would  n;)t  be  affected  by  any  move- 
ment i)f  the  water-table  that  might  result  from  tlie  ])r(jp;)sed 
di\c'rsi(ii]  of  water  to  Xew  \'ork  City. 
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CHARACTER   AXD   DISTRIBUTIOX    OF  LONG 
ISLAND  SOILS 

The  Bureau  of  Soils,  V.  S.  Department  of  Agriculture,  in 
the  Report  of  1903  ("  Soil  Survey  of  the  Long  Island  Area, 
New  York,"  by  Jay  A.  Bonsteel  and  Party),  recognizes  15 
types  of  soils  on  Long  Island  in  that  portion  covered  by  their 
surveys  west  of  Patchogue  and  Port  Jefferson.  These  15  types 
of  soils  are,  for  convenience  of  discussion,  separated  in  the 
table  following  into  three  great  divisions — the  moraine  soils, 
the  plains  soils  and  the  marsh  soils.  The  location  and  relative 
areas  of  these  soils  are  shown  on  Sheet  148,  Acc.  L  646,  which 
has  been  made  up  from  the  maps  accompanying  the  above  re- 
port of  the  Bureau  of  Soils. 

CHARACTER  OF  LONG  ISLAND  SOILS 


FROM 

REPORT 

OF  BUREAU 

OF  SOILS, 

1903 

Per  Cent. 

OF  Gener.\l 

General 

Adapi;ability 

Soil 

Whole  Are.\    Depth  of 

Depth  of 

OF  THIS 

Covered 

BY  Top-soil 

Subsoil 

Soil  for 

THIS  Soil       in  Inches 

IN  Inches 

Agriculture 

mor.\ine  soils 

Miami  stony  loam  

9.6 

8 

24 

(General  farming 

Alton  stony  loam  

18.6 

6 

36 

Late  truck  farming 

Plainwell  stony  loam.  .  .  . 

1.0 

6 

None 

Of  little  value 

PL.MNS  SOILS 

Sassafras  gravelly  loam. . 

17..-, 

8 

24 

Truck  farming 

Norfolk    coarse  sandy 

loam  

12.0 

8 

24 

Late  truck  and  gen- 

eral farming.  Un- 

reliable 

14.2 

12 

24 

Early  truck  farming 

Norfolk  gravel  

0.6 

None 

None 

Useless 

Norfolk  coarse  sand  

0.3 

None 

None 

Useless  without  irri- 

gation 

Meadow  

3.1 

Truck    farming  if 

drained 

Hempstead  gravelly  loam 

1  3.6 

8 

24 

Truck  farming 

6.4 

8 

24 

Truck  farming 

Sassafras  sandy  loam..  .  . 

1.0 

12 

36 

Truck  farming 

M.\RSH  SOILS 

Galveston  sandy  loam. .  . 

3.0 

12 

Truck  farming  with 

drainage 

Galveston  sand  

2.3 

None 

None 

Worthless 

Galveston  clay  

6.7 

24 

None 

Truck  farming  after 

reclamation 


^vIoRAiNE  Soils 

The  stony  loams  that  cover  the  morainal  ridges  in  the 
northerly  portion  of  the  island  are  generally  fine,  are  retentive 
of  moisture  and  of  considerable  depth,  and  are  underlain  with 
semi-impervious  beds  of  clay  and  till.  Fruits,  grains,  grasses 
aufl  deep  rooted  crops  grow  well  in  these  districts.  Being 
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favorable  for  general  farming,  they  have  been  cultivated  to  a 
greater  extent  than  the  larger  areas  of  sandy  soils  in  the 
broad  level  ])lains  of  central  and  southern  Suffolk  county. 
Where  not  occupied  by  farms,  these  moraine  soils  support 
hardwood  forests  of  oak  and  chestnut.  The  Miami  stony 
loam  is  by  far  the  best  of  these  moraine  soils.  The  Alton 
stony  loani  is  sandier  and  mrn'e  nearly  resembles  some  of  the 
plains  soils.  The  Plainwcll  loam  is  still  coarser  and  less  suited 
to  agricultural  purposes. 

The  moraine  soils  are  confined  in  Suffolk  county  to  a  few 
small  areas  on  the  summits  of  the  southerly  moraine  and  to 
the  northerly  morainal  ridge  outside  of  the  limits  of  the  catch- 
ment area  of  the  proposed  supply.  These  moraine  soils  Avithin 
the  catchment  area  are  at  so  great  a  distance  from  the  location 
of  the  proposed  collecting  works,  so  far  above  the  main  water- 
table  and  so  separated  from  this  water-table  by  impervious 
strata,  that  there  is  no  possibility  that  their  moisture  condition 
could  be  aft'ected  by  any  movement  in  the  water-table  along 
the  south  shore.  They  are,  therefore,  of  no  interest  in  the 
present  discussion. 

Plains  Soir.s 

The  soils  found  bv  the  Ihireau  of  Soils  in  the  inler-morainal 
valleys  and  the  broad  southerlv  slo])ing  plains  of  Suffolk 
county  are  the  Sassafras  gravelly  loam,  Norfolk  coarse  ^andy 
loam,  Norfolk  sand^  Norfolk  gravel,  Norfolk  coarse  sand,  and 
tlie  meadow  soils. 

The  Sassafras  gravelly  loam  occurs  in  the  northerly  ])c)rtion 
of  the  outwash  plains  near  and  even  on  the  lower  slopes  of 
the  moraines.  This  is  a  yellow  loam  with  grax'cl  and  some  of 
the  fine  cla\ey  material  that  characterizes  the  moraine  soils. 
The  Sassafras  gravelly  loam  grades  off  toward  the  south  into 
the  sandier  Norfolk  coarse  sand\-  loam  and  the  Norfolk  sand 
of  the  south  shore. 

These  j^lains  soils  are  o])en,  well  underdrained  b\-  the  coarse 
sand<  and  gravels  beneath  them  and  are  adnn'i'ably  a(lai)te(l  for 
early  truck  gardening.  The\-  are  cultiwited  exlensivel\'  in 
western  Pong  Island,  but  in  .Suffolk'  connt\-  onl\-  the  Sassafras 
g^ra\('lly  loam  in  the  central  part  of  the  island,  and  the  .Nor- 
folk sand  along  the  >ontli  shore  and  in  some  of  the  large  vallews 
have  been  cultixated.  The  relati\eh'  small  areas  of  Suffolk 
count\'  occupied  1)\-  farms  are  shown  on  .^"heet  140.  .\cc.  5334. 
which  is  the  result  of  snr\'eys  of  the  Pong  Island  department 
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during  the  past  year.  Outside  of  these  small  areas  of  culti- 
vation, the  plains  of  Suffolk  county  are  covered  with  sprout- 
land  and  forests  of  low  scrub  oak  and  pitch  pine.  These  trees 
live  during  periods  of  drought  with  but  little  moisture  and 
are  able  to  resist  the  forest  fires  that  frecjuently  sweep  over 
the  interior  of  the  island.  These  fires  have  prevented  the 
accumulation  of  humus,  and  as  a  result  the  plains  soils  are 
generally  thin  and  leachy  and  allow  the  rains  to  percolate 
rapidly  through  them.  By  supplying  to  the  better  soils  the 
necessary  vegetable  matter  and  making  them  alkaline  by  turn- 
ing in  lime  or  wood  ashes,  they  become  an  admirable  soil,  if 
properly  cultivated  during  the  growing  season,  to  conserve 
the  moisture  that  falls  upon  them. 

The  Xorfolk  coarse  sand  and  Xorfolk  gravel  are  worth- 
less for  agricultural  purposes  and  the  thin,  stunted  forests 
that  cover  them  in  some  localities  represent  the  limit  of  their 
capabilities. 

The  Hempstead  loam  and  the  Hempstead  gravelly  loam 
are  important  soils  for  general  farming  and  truck  gardening, 
but  arc  found  only  in  Xassau  and  Queens  counties.  The 
Hempstead  loams  are  of  finer  texture  and  more  retentive  of 
moisture  than  the  Sassafras  loams  that  are  similarly  situated 
in  the  outwash  plains  in  Suffolk  county.  The  Sassafras  sandy 
loam  occurs  onlv  in  a  small  area  in  Kings  county. 

The  meadow  soils  of  Suft'olk  county  are  of  little  value 
without  extensive  drainage.  The  projiosed  ground-water  col- 
lecting works  would  provide  this  to  small  portions  of  the 
meadow  lands  near  the  works  and  substantial  benefit  would 
accrue  to  them,  that  would  go  far  towards  offsetting  the  small 
injury  that  might  1)c  done  to  crops  on  adjacent  lands  slightly 
above  the  surface  of  saturation. 

]\r.\RSTi  Soils 

The  marsh  soils  of  the  south  shore  of  Long  Island  can 
only  be  made  available  by  extensive  reclamation  and  need  not 
be  considered  in  this  rc]X)rt.  Of  these  the  Galveston  sands 
of  the  sea  Ijeaches  are,  of  course,  worthless  for  agriculture. 

CoMI'ARTSOX    OF    SoiLS    IN    SuFFOLK,    NaS.SAU,    QuEENS  AND 

Kings  Counties 

The  rcj)ort  of  the  Ilnrcau  of  Soils  indicates  that  the  soils 
are,  on  the  whole,  better  in  Kings,  Queens  anrl  Xassau  coun- 
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ties  than  in  Suffolk  county.  Doubtless,  years  of  cultivation 
have  had  something  to  do  with  this  result,  but  it  should  be 
noted  that  a  greater  proportion  of  western  Long  Island  is 
within  the  moraines  and  is  covered  with  moraine  soils  and 
allied  types  of  liner  texture  than  are  found  in  Suft'olk  county, 
wdiere  the  areas  of  moraine  are  relatively  smaller,  and  a  large 
part  of  the  southerly  outwash  plains  is  far  from  the  clays  and 
other  fine  material  in  the  moraines. 

While  large  areas  of  land  in  Suffolk  county  now  covered 
with  scrub  oak  and  pine  can  be  readily  cultivated  with  success, 
much  of  the  soil  in  these  barren  outwash  plains,  back  from 
the  south  shore,  in  the  interior  of  the  island  would  require 
treatment  beyond  the  means  of  the  ordinary  farmer.  These 
soils  will  doubtless  continue  for  many  years  to  find  their  best 
use  as  sources  of  fire  wood  and  the  areas  covered  by  them  as 
game  preserves. 

The  soil  map.  Sheet  148,  Acc.  L  646,  shows  that  the  pro- 
posed location  of  the  Suffolk  County  ground-water  collecting 
works  lies  in  the  least  valuable  soil  belt  in  Suffolk  county,  be- 
tween the  zone  of  cultivation  in  the  Norfolk  sands  of  the  south 
shore  and  the  better  soils  near  the  moraines. 

PHYSICS  OF  LONG  ISLAND  SOILS 
Depth  of  Soil 

The  general  depth  of  the  loam  and  subsoil  of  the  several 
types  of  Long  Island  soils  are  shown  in  tal)lc  on  page  521  of 
this  report,  as  reported  by  the  Bureau  of  Soils.  The  brown 
or  dark  yellow  surface  loams  or  top-soils  in  the  outwash  plains 
vary  in  thickness  from  6  to  12  inches,  the  yellow  sul)soils  be- 
neath, which  contain  less  organic  matter,  although  often  as 
fine  as  the  top-soils,  from  24  to  36  inches.  The  total  depth  of 
the  soil  averages  about  30  inches,  lleneath  the  subsoils  are 
the  coarse  yellow  sands  and  gravels  80  to  200  feet  in  depth. 

The  roots  of  vegetation,  even  the  tap  roots  of  trees,  gen- 
crallv  find  no  food  nor  moisture  in  the  coarse  gravel  substrata 
of  the  outwash  plains,  and  do  not  penetrate  much  l)elow  the 
bottom  of  the  yellow  subsoil.  The  average  limit  of  root  pene- 
tration in  the  outwash  plains  is  placed  at  30  inches,  the  average 
depth  of  the  soils. 
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The  Report  of  the  Bureau  of  Soils  states,  on  page  97 : 
"  Throughout  the  extent  of  both  behs  of  plains  the  com- 
bined depth  of  soil  and  subsoil  is  less  than  36  inches ;  usually 
it  does  not  exceed  24  inches.  At  such  depths  it  is  underlain 
by  a  definite  band  of  closely  packed  gravel  or  cobbles,  which 
separates  it  from  the  coarse  porous  sands  and  gravels  below. 
As  a  result,  the  total  feeding  range  of  crops  is  limited  to  a 
root  development  in  a  scant  30  inches  of  soil.  Even  those 
trees  which  normally  develop  tap  roots  have  been  forced  to  a 
shallow  feeding  system,  for  in  few  cases  have  any  forms  of 
vegetation  been  able  to  penetrate  the  gravel.  The  shallowness 
of  the  soil  mass  af¥ects  the  growth  of  the  crops  in  two  ways. 
It  limits  root  development  to  horizontal  spreading,  and  this 
results  in  crowding  among  closely  planted  crops  of  long  growth, 
like  grain  and  grass.  It  also  introduces  another  element  of 
the  same  character  in  limiting  the  storage  reservoir  for  the 
maintenance  of  moisture.  Both  effects  tend  toward  low  crop 
yields." 

The  small  depth  of  root  penetration  is  most  important,  be- 
cause the  roots  cannot  go  beyond  the  shallow  subsoils  for 
water,  and  it  will  be  shown  that  capillary  moisture  rises  through 
but  a  small  hight  in  the  coarse  sand  and  gravel  substrata  that 
bar  the  downward  movement  of  the  roots. 

Texture  ov  Soils 

Some  idea  of  the  texture  of  the  surface  soils  and  substrata 
in  Long  Island  are  shown  on  Table  43,  which  has  been  com- 
piled from  the  test-pits  and  borings  in  Appendix  A^II  of  the 
Burr-Hering-Freeman  Report,  pages  856  to  886,  and  from 
analyses  of  samples  obtained  during  the  past  year  in  southern 
Suffolk  county. 

The  locations  of  these  samples  are  shown  on  Sheet  148, 
Acc.  L  646.  They  cannot  be  considered  as  strictly  representa- 
tive of  the  soil  areas  in  which  they  are  situated,  for  with  the 
exception  of  the  recent  test-pits,  these  samples  come  from  test- 
holes  and  wells  that  were  located  for  the  purpose  of  surveying 
the  water-table,  regardless  of  the  surface  soils. 

The  soils  and  subsoils  are  generally  too  fine  to  allow  their 
effective  sizes  to  be  determined  by  the  ordinary  mechanical 
process  of  sifting.  These  are  compared  in  this  table  bv  the 
diameter  in  millimeters  than  which  60  per  cent,  is  finer. 
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TABLE  43 

Texture  of  Long  Island  Soils 


Depth  of  Sample 
Sam-  Below  Surface  Thick- 
PLE         IX  Feet  ness 

No.  ,  ■  ,  IN 

From        To  Inches 


1 

0.0 

0.5 

6 

2 

0.5 

1.0 

6 

3 

LO 

6.0 

60 

4 

6.0 

10.0 

48 

5 

10.0 

15.0 

60 

0.0 

0.4 

2 

0.4 

1.5 

13 

3 

1.5 

10.0 

102 

4 

io!o 

15!o 

60 

1 

0.0 

2.0 

24 

2 

2.0 

5.0 

36 

3 

5.0 

8.5 

42 

8.5 

15.0 

78 

1 

0.0 

2.0 

24 

2 

2.0 

5.0 

36 

3 

5.0 

9.5 

54 

9.5 

12.5 

36 

O 

12  .5 

14.. 5 

24 

6 

14.5 

15.0 

6 

1 

0.0 

0.5 

6 

2 

0.5 

8.0 

90 

3 

8.0 

14.0 

72 

4 

14.0 

19.0 

50 

1 

0.0 

2.0 

24 

2 

2.0 

5.0 

3() 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

1.5 

18 

2 

1.5 

5.0 

42 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

1.0 

12 

1.0 

1.0 

.•{(•> 

;{ 

1.0 

!».() 

60 

t 

0.0 

11. 0 

(;() 

1  l.O 

l.-).() 

Description  of 
Material 


Miami  Stony  Loam 

WELL  662,  near  corona 

Loam  

Loam  and  superfine  sand  

Coarse  and  superfine  sand  

Fine  gravel  and  superfine  sand  .  . 
Medium  coarse  sand  

WELL  687,  north  JAMAICA 

Loam  

Loam  and  superfine  sand  

Fine  sand  

Medium  sand  and  rock  flour.  .  .  . 

WELL  828,  LONG  ISLAND  CITY 

Loam  

Fine  and  superfine  sand  

Fine  gravel  and  medium  sand.  .  . 
Coarse  sand  

WELL  859,  ASTORIA 

Loam  

Superfine  sand  

Medium  sand  

Coarse  sand  

Clay.  


Pebbles  

WELL  864,  NEAR  LAKE  SUCCESS 

Loam  

Fine  gravel  and  fine  sand  

Medium  sand  

Medium  sand  and  cobbles  

WELL  1090.  EAST  OF  FLUSHING 

Loam  


Fine  gravel  and  fine  sand  

Coarse  and  fine  sand  

Alton  Stony  Loam 
well  695,  northwest  jamaica 


WELL  956,  NORTH  LAKIC  Sl'CCESS 

Loam  

Loam  

Mi'diuin  sand,  rock  flour,  little  clay 

Coarse  and  medium  sand  

I-'ine  gra\'el  ;ind  cDarsc  sand  


Effec-       60  Per  Uniform- 
TivE         Cent.  ity  Co- 
Size          Finer  effi- 
Than  cient 


  0.70   

  0.14   

  1.30   

0.18    23.20 

0.22    6.21 


  0.220   

  0.260   

  0.435   

0.172    4.65 


  0.13   

  0.11   

  0.60   

0.18    3.85 


  0.13   

  0.17   

0.18    3.44 

0.23    6.22 


All  material  in  this  sample  is 
more  than  60  per  cent,  finer 
than  1.10  milli.neters 


  0.22   

  0.36   

0.11    3.00 

0.13    2.70 


  0.11   

  0.10   

0.13    4.04 

0.20    2.80 


  0.255   

  0.280   

0.221    4.12 

0.20S    3.()6 


  0.110   

  0.345   

0.130    3.35 

0.150    3.00 

0.225    3. 82 


Loam  

Subsoil  

Coarse  and  medium  sand. 
Fine  gravel  and  fine  sand 
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Depth  of  Sample 

Sam-  Below  Surface   Thick-  Effec-       60  Per  Uniform- 
PLE         IX  Feet           ness  Description  of                  tive          Cext.  ity  Co- 
No.  ,  .       IX  Material                       Size           Fixer  effi- 

From        To       Inches  Thax  cient 


1 

0.0 

0.5 

6 

2 

0.5 

1.0 

Q 

.3 

1.0 

io!o 

108 

4 

10.0 

15.0 

GO 

1 

0.0 

1.8 

22 

2 

1.8 

2.3 

6 

3 

2.3 

5.0 

32 

4 

5.0 

8.0 

36 

o 

8.0 

10.0 

24 

(■) 

10.0 

15.0 

60 

1 

0.0 

1.0 

12 

2 

1.0 

5.0 

48 

5.0 

9.5 

54 

4 

9.5 

15.0 

66 

1 

0.0 

0.4 

5 

2 

0.4 

1.0 

7 

.3 

1.0 

10.0 

108 

4 

10.0 

15.0 

60 

1 

n  n 
u.o 

1  Q 

2 

1 .3 

8 

3 

2.0 

fj.O 

4 

0.0 

11.0 

60 

1 1.0 

15.0 

48 

1 

0.0 

1.2 

14 

2 

1.2 

2.5 

16 

3 

2.5 

5.4 

35 

4 

5.4 

9.5 

49 

o 

9.5 

14.5 

60 

0 

14.5 

15. 

6 

1 

0.0 

1.5 

18 

2 

1.5 

.3.0 

18 

3 

3.0 

8.0 

60 

4 

8.0 

10.0 

24 

10.0 

12.0 

24 

6 

12.0 

15.0 

36 

1 

f).0 

0.3 

4 

2 

0.3 

2.4 

25 

3 

2.4 

10.0 

91 

4 

lf).0 

12.0 

24 

5 

12.0 

15.0 

36 

1 

f).0 

0.7 

9 

2 

0.7 

1.2 

(i 

3 

1.2 

9.5 

99 

4 

9.5 

15.0 

66 

Sassafras  Gravelly  Loam 
WELL  607,  floral  park 

Loam....   0.442   

Fine  sand   0.215    2.68 

Medium  sand  and  fine  gravel.  .  .  .  0.229    5.07 

Medium  sand  and  fine  gravel.  .  .  .  0.221  .    2.35 

WELL  616,  MILLBURN  RESERVOIR 

Loam     0.305   

Fine  sand  and  subsoil     0.25   

Coarse  sand  and  fine  gravel   0.350    3.57 

Fine  gravel  and  coarse  sand  (little 

fine  sand)   0.346    4.05 

Coarse  and  medium  sand   ().2(i()    2.77 

Coarse  gravel  and  medium  sand.  .  0.220    2.41 

WELL  619,  CREEDMORE 

Loam   0.168   

Subsoil   0.22   

Coarse  gravel  and  medium  sand.  .  0.262    17.18 

Medium  sand   0.260    2.27 

WELL  717,  NORTHEAST  JAMAICA 

Loam   0.119    3.53 

Loam  and  fine  sand        

Fine  sand   0.238    2.15 

Medium  sand   0.220    2.50 

WELL  845,  EAST  HEMPSTEAD  RESERVOIR 

Loam     0.225   

Coarse  gravel  and  fine  sand   0.410    15.24 

Fine  gravel  and  medium  sand.  ..  .  0.415    6.14 

Medium  sand   0.289    2.01 

Fine  gravel  and  coarse  sand   0.225    3.02 

WELL  846,  HEMPSTEAD  RESERVOIR 

Coarse  gravel  and  loam     0.63   

Superfine  sand  and  clay     0.30   

Fine  gravel  and  coarse  sand   0.380    3.74 

Coarse  gravel,  medium  sand,  little 

rock  flour   0.220    4.09 

Coarse  sand   0.256    3.28 

Fine  gravel  and  coarse  sand   0.205    2.63 


Loam  and  coarse  gravel     1.38   

Coarse  gravel  and  fine  sand   0.290    12.76 

Fine  gravel  and  medium  sand.  .  .  .  0.450    11.10 

Coarse  sand   .223    2.24 

Coarse  sand   .228    2.(i3 

Fine  gravel  and  medium  sand.  ..  .  0.410    12.70 

WELL  849,  MASSAPEQUA 

Loam     0.41 

Coarse  and  superfine  sanrl     0.605 

Coarse  gravel  and  medium  sand.  .  0.239    7.()('> 

Fine  gravel  and  medium  sand.  .  .  .  0.270    3.89 

Fine  gravel  and  medium  sand.  .  .  .  0.270    3.89 

WELL  858,  NORTH  SEAFORD 

Loam     0.875   

Medium  sand  and  coarse  gravel .  .  0.360    13.90 

Coarse  sand  and  fine  gravel   0.231    4.16 

Coarse  and  medium  sand   0.229    2.53 
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Depth  of  Sample 

Sam-  Below  Surface   Thick-  Effec-      GO  Per  Uniform- 
PLE         IN  Feet           ness  Description  of                   tive         Cent.  ity  Co- 
No.  ,  .      IN  Material                       Size         Fixer  effi- 

From        To      Inches  Than  ciext 


Norfolk  Coarse  Sandy  Loam 


1 

0.0 

0.7 

8 

2 

0.8 

1.9 

13 

3 

1.9 

2.8 

11 

4 

2.8 

3.4 

7 

5 

3.4 

4.1 

8 

6 

4.2 

5.1 

11 

7 

5.1 

6.0 

11 

1 

0.0 

0.5 

(3 

2 

0.5 

1.0 

6 

3 

1.0 

5.0 

48 

4 

5.0 

10.0 

60 

5 

10.0 

15.0 

60 

1 

0.0 

0.5 

6 

2 

0.5 

1.0 

6 

3 

1.0 

5.0 

48 

4 

5.0 

10.0 

60 

5 

10.0 

15.0 

60 

1 

0.0 

- 

O.o 

6 

2 

0.5 

5.0 

54 

3 

.5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

1.5 

18 

2 

1.5 

5.0 

42 

3 

5.0 

10.0 

(U) 

4 

10.0 

15.0 

60 

1 

0.0 

1.0 

12 

2 

1.0 

5.0 

48 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

2 

'  '  '.75 

3 

'  0.75 

1.0 

3 

4 

1.0 

1.5 

6 

5 

1.5 

2.0 

6 

6 

2.0 

2.5 

6 

7 

2.5 

3.5 

12 

8 

3.5 

4.0 

() 

;» 

4.0 

4.5 

(> 

10 

4.5 

5.0 

6 

1 1 

5.0 

0.5 

18 

12 

(;.5 

7.0 

() 

13 

7.0 

7.5 

1) 

14 

7.5 

8.0 

6 

15 

8.0 

8.5 

(■) 

test-pit     a,     northwest  BABYLON 

Loam  

Subsoil  

Sand  


Sand  and  gravel  

well  729,  southeast  farmixgdale 

Loam  

Fine  gravel  and  subsoil  

Fine  gravel  and  medium  sand.  .  .  . 
Fine  gravel  and  medium  sand.  .  .  . 
Fine  gravel  and  coarse  sand  

WELL  743,  north  amityville 

Loam  

Fine  gravel  and  subsoil  

Coarse  and  fine  gravel  and  super- 
fine sand  

Fine  gravel  and  fine  sand  

Fine  gravel  and  medium  sand.  .  .  . 

WELL  826,  north  amityville 

Loam  and  fine  sand  

Medium  sand  and  fine  gravel.  .  .  . 

Fine  gravel  and  coarse  sand  

Fine  gravel  and  coarse  sand  

WELL  843,  north  of  bayshore 

Loam  

Subsoil,  coarse  and  fine  gravel.  .  .  . 
Coarse  gravel  and  medium  sand.  . 
Coarse  and  fine  gravel  

WELL  861,  SOUTH  OF  BRENTWOOD 

Loam  

Coarse  gravel  and  subsoil  

Medium  sand  and  fine  gravel .... 
Fine  gravel  and  medium  sand.  .  .  . 

NoRi'OLK  Saxd 

TEST-PIT  "C,"  XORTIIEAST  SAYVILLE 

Top-soil  

Subsoil  


Sand  

Sand  and  gravel. 


Sand  

Sand  and  gravel. 


.056 

.048 

.038 

.26 

.33 

.165 

.250 


0.308 
0.358 
0.435 


0.530 
0.380 
0.341 


0.156 
0.259 
0.434 


0.22 
1.27 


0.224 
0.220 


0.132 
0.128 
0.138 
0.140 
0.162 
0.230 
0.238 
0.242 
0.230 
0.245 
0.298 
0.220 
0.225 
0.230 
0.208 


1.13 
0.80 


0.605 
2.00 


0.74 


0.46 
0.65 


0.50 
0.39 


7.58 
9.63 
9.67 
1.52 
3.24 
2.21 
2.76 


8.08 
8.10 
7.13 


6.51 
7.37 
7.68 


6.73 
4.02 
4.61 


4.64 
1.73 


2.63 
15.23 


2.70 
2.75 
2.55 
2.57 
2.43 
2.26 
2.93 
2.02 
2.65 
2.20 
2.30 
1.95 
2.10 
2.30 
2.50 


WELL  660,  SOUTHEAST  JAMAICA 


1 

0.0 

1.0 

12 

Loam  and  fine  sand  

0.1 2S 

2.91 

2 

1.0 

5.0 

IS 

0.200 

2.20 

3 

5.0 

10.0 

f')() 

I'ine  gravel  and  medium  sand.  .  .  . 

0.220 

2.77 

4 

10.0 

15.0 

60 

.Medium  sand  (little  rock  flour)..  . 

0.220 

2.09 
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TABLE   4:3  {Continued) 


Depth  of  Sample 
Sam-  Below  Surface  Thick- 
PLE         IX  Feet  ness 

No.  ^  .  IN 

From       To  Inches 


1 

0.0 

1.0 

12 

2 

1.0 

5.0 

48 

3 

5.0 

10.0 

60 

A 
1 

10.0 

lo.O 

bO 

1 

0.0 

1.0 

12 

2 

1.0 

5.0 

48 

3 

5.0 

10.0 

60 

4 

lU.U 

1  n 
1  o .  u 

DU 

1 

0.0 

0.5 

6 

2 

0.5 

1.0 

6 

3 

1.0 

10.0 

108 

4 

10.0 

11.0 

12 

5 

11.0 

12.0 

12 

6 

12.0 

15.0 

36 

1 

0.0 

0.5 

6 

2 

0.5 

1.0 

6 

3 

1.0 

5.0 

48 

4 

5.0 

10.0 

60 

5 

10.0 

15.0 

60 

1 

0.0 

1.0 

12 

2 

1.0 

5.0 

48 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

0.1 

2 

0.1 

1.5 

3 

1.5 

2.3 

4 

2.3 

3.2 

3.2 

4.5 

6 

4.5 

5.1 

7 

5.1 

6.0 

8 

6.0 

6.5 

9 

6.5 

1 

0.0 

0.2.- 

2 

0.25 

1.0 

3 

1.0 

3.0 

4 

3.0 

15.0 

1 

0.0 

3.6 

2 

3.6 

4.5 

3 

4.5 

().6 

4 

6.6 

7.1 

5  A 

7.1 

10.0 

5B 

10.0 

12.() 

fi 

12.0 

13.0 

7 

13.0 

15.0 

Description  of 
M.\teri.\l 


Norfolk  Sand  i^Conciiided) 
well  627,  south  Jamaica 

Loam  

Loam  and  superfine  sand  

Fine  gravel,  medium  and  superfine 

sand  

Medium  and  fine  sand  

well  628,  south  Jamaica 

Loam  

Medium  sand  and  loam  

Coarse  and  medium  sand  (little 

superfine  flour)  

Fine  gravel  and  coarse  sand  (little 

superfine  flour)  

WELL  638,  SOUTH  JAMAICA 

Loam  

Fine  sand  and  subsoil  

Medium  sand  


WELL  639,  SOUTHEAST  JAMAICA 

Loam  

Medium  sand  and  coarse  gravel .  . 

Medium  sand  

Medium  and  fine  sand  

Medium  sand  

WELL  659,  SOUTHEAST  JAMAICA 

Loam  and  fine  sand  

Fine  sand  


Medium  sand  

Norfolk  Coarse  Sand 


WELL  176,  northe.ast  b.\bvlon 


Effec-      60  Per  Uniform- 
tive          Cent.  ity  Co- 
Size          Finer  effi- 
Than  cient 


  0.96   

0.107    5.79 

0.245    8.16 

0.229    2.25 


  0.32   

0.117    5.70 

0.200    4.00 

0.225    4.00 


0.160    3.25 

0.182    3.13 

0.213    2.72 

0.210    2.33 

0.211    1.34 

0.190    2.27 


0.132  ■    2.71 

0.212    4.13 

0.2.30    2.39 

0.245    5.22 

0.229    2  16 


  0.380   

0.215    1.47 

0.192    2.24 

0.22  4    1.83 


test-pit      li,      northeast  BABYLON 

1      Top-soil,  humus   0.230    3.00 

17      Subsoil   0.215    3.65 

9      Sand  and  gravel   0.34    3.00 

10    0.308    2.64 

17    0.235  _    2.0.3 

7      Sand,  gravel  and  clay   0.0545    7.75 

11  Sand  and  gravel   0.218    2.40 

6      Sand,  gravel  and  clay   0.0142    13.40 

Sand  and  gravel   0.200    1.84 


3      Organic  matter  and  sand   ....     

0      Sandy  loam   0.17    7.35 

24  Sand,  gravel  and  clay   0.33    7.57 

144      Fine  gravel  and  sand   0.29    3.62 

stovepipe  well  2,  NORTHEAST  BABYLON 

43      Gravelly  loam   0.43    3.72 

11  Clay  and  sand     0.51   

25  Fine  gravel,  coarse  and  medium 

sand  :   0.59    6.61 

6      Fine  gravel,  coarse  and  medium 

sand   0.60    4.66 

35      Coarse  and  medium  sand   0.45  0.51  2.44 

24      Coarse  gravel                                       10.5    2.66 

12  Coarse  and  fine  gravel  and  coarse 

sand   1.35    12.22 

24      Coarse,  medium  and  fine  sand. ..  .  0.33    1.78 
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TABLE   43  {Continued) 


Depth  of  Sample 

Sam-  Below  Surface   Thick-  Effec-  60  Per  Uniform- 
PLE          IX  Feet           ness  Description  of                   tive  Cent.  ity  Co- 
No.  ,  ■  ,      IN  Material                      Size  Finer  effi- 

From        To      Inches  Than  cient 


1 

0.0 

2.0 

24 

2 

2.0 

5.0 

36 

3 

o.O 

10.0 

60 

4 

io!o 

15^0 

60 

1 

0.0 

1.2 

14 

2 

1.2 

2.3 

13 

3 

2.3 

7.0 

56 

4 

7.0 

12.0 

60 

12.0 

15.0 

36 

•1 

0.0 

1.5 

18 

2 

1.5 

3.0 

18 

3 

3.0 

6.0 

36 

4 

6.0 

10.0 

48 

10  0 

1  o.u 

UU 

1 

0.0 

0.5 

6 

2 

0.5 

1.5 

12 

3 

1.5 

8.0 

78 

4 

8.0 

15.0 

84 

1 

0.0 

1 .2 

14 

2 

1.2 

3.2 

24 

3 

3.2 

6.0 

34 

4 

• 

().() 

11.0 

()0 

■5 

1  1.0 

16.0 

(iO 

1 

0.0 

1.7 

20 

2 

1.7 

2.7 

12 

3 

2.7 

5.0 

28 

4 

5.0 

!).() 

48 

5 

0.0 

15.0 

72 

1 

0.0 

2.0 

24 

2 

2.0 

fK5 

54 

3 

6.5 

11. 0 

54 

4 

1  1.0 

16.0 

60 

1 

().() 

1.5 

IS 

1.5 

1.0 

30 

3 

1.0 

6.0 

21 

4 

(•).() 

1  1.0 

1 1.0 

16.0 

60 

Hempstead  Gravelly  Loam 

well  422,  (;arden  city 

Loam  and  coarse  gravel     3.30 

Coarse  and  fine  gravel  and  coarse 

sand   0.510   

Fine  gravel  and  medium  sand.  .  .  .  0.230   

Fine  gravel  and  coarse  sand   0.300  ...... 

well  862,  north  hempstead 

Loam   0.161   

Fine  sand  and  pebbles   0.753   

Medium  sand   0.318   

Medium  sand  and  pebbles   0.230   

Medium  sand  and  coarse  gravel .  .  0.270   

well  908,  south  central  park 

Coarse  gravel  and  loam   0.145   

Coarse  gravel  and  coarse  sand  ....  0.620   

Fine  gravel  and  medium  sand.  .  .  .  0.330   

Fine  gravel  and  coarse  sand   0.370   

"    0.363   

Hempstead  Loam 

WELL  829,  WEST  garden  CITY 

Loam   0.23 

Loam     0.38 

Fine  gravel  and  medium  sand.  .  .  .  0.230   

Fine  gravel  and  coarse  sand   0.358   

WELL  863.  MINEOLA 

Loam   0.24 

Coarse  gravel  and  subsoil     2. OS 

Fine   gravel,   medium   sand  and 

subsoil   0.280   

Fine  gravel  and  medium  sand.  .  .  .  0.2S0   

  "  0.380   

WELL  865.  SOUTH  BETHPAGE  JUNCTION 

Loam  and  coarse  gravel     0.22 

Superfine  sand     0.21 

Fine  gravel  and  superfine  sand.  .  .    0.23 

Fine  gravel  and  medium  sand.  .  .  .  0.31   

Coarse  gravel  and  medium  sand.  .  0.30   

WELL  901,  MINEOLA 

Loam   0.44 

Coarse  and  fine  gravel  and  medium 

sand   0.48   

Coarse  and  fine  gravel  and  medium 

sand   0.37   

Fine  gravel  and  inedinin  sand   ,  .  .  0.35   

wi;i.i.    1112,    NOUIII    II U  KS\  II  I.K 

Loam     0.23 

Fine  sand  and  coarse  gravel   0.28   

Coarse    and    medium    sand  and 

coarse  gravel   0.23  .  .  .  .  . 

Coarse  and  fine  sand,  coarse  gravel  0.51   

Fine  ^^ravcl  and  medium  sand.  .  .  .  0.29   


12.16 
6.52 
4.40 


1.32 
8.13 
1.80 
2.39 
4.26 


7.93 
6.05 
(i.06 
7.03 
7.71 


3.83 
4.47 


16.07 
4.43 
6.58 


2.97 
10.67 


13.. 33 


6.71 
11. 14 


7.27 

4.56 
7.25 
3.72 
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TABLE   43  {Concluded) 


Depth  of  Sample 
Sam-  Below  Surface  Thick- 
PLE         IX  Feet  xess 

Xo.  ^  ,  IN 

From        To  Inches 


1 

0.0 

2.7 

32 

2 

2.7 

7.5 

58 

3 

7.5 

12.2 

56 

4 

12.2 

17.5 

64 

1 

0.0 

0.8 

10 

2 

0.8 

2.5 

20 

3 

2..-) 

6.0 

42 

4 

(i.O 

10.0 

48 

5 

10.0 

15.0 

60 

1 

0.0 

2.5 

30 

2 

2.r, 

5.0 

30 

3 

r>.() 

10.0 

60 

4 

10.0 

15.0 

6f) 

1 

0.0 

1.0 

12 

2 

1.0 

2.5 

18 

3 

2.5 

4.5 

24 

4 

4.5 

0.0 

18 

5 

0.0 

10.0 

48 

6 

10.0 

15.0 

60 

1 

0.0 

3.0 

36 

2 

3.0 

8.0 

(iO 

3 

H.O 

10.5 

30 

4 

10.5 

15.0 

54 

Description  of 
Material 


Hempstead  Loam  (Concluded) 
WELL  906,  northeast  williston 

Loam  

Fine  sand  and  fine  gravel  

Coarse   and   fine   gravel,  coarse, 

medium  and  fine  sand  

Fine  gravel  and  medium  sand.  .  .  . 

WELL  907,  north  floral  park 


Fine  gravel  and  medium  sand.  .  .  . 

Coarse  and  medium  sand  

Fine  gravel  and  coarse  sand  

WELL  909,  south  hicksville 

Loam  

Fine  gravel  and  fine  sand  

Fine  gravel  and  medium  sand.  .  .  . 
Fine    gravel    and    medium  sand 

(little  superfine  sand)  

well  955,  SOUTH  hicksville 


Coarse  gravel,  coarse  sand  and 
subsoil  

Coarse  gravel  and  coarse  sand 
(little  rock  flour)  

Coarse  gravel  and  medium  sand.  . 

Coarse  sand,  fine  gravel  and 
medium  sand  

WELL  959.  NORTH  MINEOLA 


Coarse  sand  and  superfine  flour. .  . 
Fine  gravel  and  coarse  sand  


Effec-       60  Per  Uniform- 
TivE          Cent.  ity  Co- 
Size          Fixer  effi- 
Than  cient 


  0..34   

0.21    5.34 

0.27    14.50 

0.22    6.27 


  0.28   

  0.28   

0.28    8.73 

0.23    2.56 

0.35    5.48 


  0.55   

0.24    3.00 

0.24    4.04 

0.21    2.88 


  0.25   

  0.73   

0.24    13.62 

().(i4    6.64 

0.45    11.56 

0.22    10.00 


  0.14   

  *0.10   

0.18    7.50 

0.20    4.25 


Loam .  . 
Subsoil 


Loam .  . 
Subsoil 


Loam .  . 
Subsoil 


♦Than  which  01  per  cent,  is  finer 
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APPEXDIX  13 


The  effective  size  of  these  loams  and  subsoils  probably  lies 
between  0.03  and  0.15  millimeter.  The  coarse  sands  and 
gravels  beneath  the  loam  and  subsoil  range  in  effective  size 
from  0.20  to  0.60  millimeter  or  more.  Even  the  finer  soils 
frequently  contain  much  gravel  and  consequently  have  large 
uniformity  coefficients.  The  porosity  of  the  top-soils  and  sub- 
strata varies  from  30  to  45  per  cent,  of  their  total  volume, 
being  somewhat  larger  for  the  finer  and  more  uniform  soils. 

^Movements  of  Soil  ^Moisture 

It  has  been  pointed  out  that  only  a  small  portion  of  the 
rain  that  falls  on  the  surface  of  southern  Long  Island  runs 
off  over  the  surface;  the  remainder,  if  not  immediately  evap- 
orated, sinks  quickly  into  the  coarse  soils  and  substrata.  The 
subsequent  movements  of  this  water  in  the  pore  spaces  of  the 
soil  may  be  outlined  as  follows : 

(1)  A  portion  under  the  influence  of  gravity,  possibly 
aided  by  capillarity,  sinks  through  the  soils  and  substrata  to 
replenish  the  ground-water  reservoirs  in  tlie  pore  spaces  of 
the  deep  water  bearing  gravels. 

(2)  Some  is  retained  in  the  pore  spaces  of  the  soil  by  capil- 
larity or  surface  tension  due  to  molecular  forces  on  the  surface 
of  the  films  of  water  that  surround  the  sand  grains.  A  portion 
of  this  moisture  is  absorbed  slowly  bv  the  fine  roots  of  vegeta- 
tion and  dissipated  by  the  foliage  above  the  surface,  or  is  used 
up  b}'  the  minute  plant  life  and  the  small  anin^als  in  the  top- 
soils. 

(3)  Another  j^ortion  likewise  retained  in  the  s(^ils  is  drawn 
by  capillarity  to  the  surface  of  the  ground  and  cvapc^-ated. 

(4)  Still  another  small  portion  of  the  moisture  may  be  lost 
to  the  air  within  ])artially  saturated  soil  by  interior  eva]^ora- 
tion. 

llie  relative  ])rop()rti()n  of  the  rainfall  that  disappears  in 
these  ways  varies  greatly  during  the  )-car.  The  jXM-colation  to 
the  deep  strata  is  larger  during  the  colder  months  when  the 
surface  evaporation  is  small  and  j)lant  life  is  inactixe.  and  is 
little  or  nothing  in  sunimer,  when  tlie  moisture  is  rapidU-  dissi- 
l)at('(l  b\'  evafioratinn  or  taken  np  1)\-  \-egetati( )n. 

P|:R(  ()I.  ATIOX    r  .\  I)i:R    I  .\  I-I.TEXCK  (  )F  r,R.\viTV 

Kxi)criments  have  sli(»wn  that  the  rate  of  downward  per- 
colation r)f  soil  moisture  depends  upon  the  coarseness  of  the 


AGRICULTURAL  LXTERESTS 


533 


soil,  the  temperature  and  the  amount  of  moisture  contained. 
The  pore  spaces  of  a  coarse  soil  are  larger  and  the  force  of 
capillarity  opposes  less  resistance  to  the  downward  movement 
of  the  water  under  the  influence  of  gravity  than  in  a  fine  soil. 
Whatever  the  texture  of  the  soil,  this  resistance  of  capillarity 
decreases  with  the  amount  of  moisture  contained  and  with  the 
increase  in  temperature  or  decrease  in  viscosity. 

The  velocity  of  the  gravitational  movement  of  the  water  in 
the  soil  is  small.  The  observations  of  the  Burr-Hering-Free- 
man  Commission,  shown  graphically  in  Plate  VI  of  Appen- 
dix  \  ll  of  their  report,  following  page  792,  and  discussed  on 
pages  798  to  805,  indicate  that  the  velocity  of  percolation  in 
the  coarse  outwash  plains  averaged  about  one  foot  per  day  dur- 
ing the  spring  and  summer  of  1903,  ranging  from  0.5  foot  to 
5.0  feet  per  day.  The  rate  of  movement  evidently  increased  in 
late  summer  after  the  early  rains  had  filled  the  ground  with 
moisture  and  was  greater  during  the  entire  season  through 
the  first  ten  feet  than  for  greater  depths. 

In  Bulletin  Xo.  10,  U.  S.  Department  hi  Agriculture, 
Division  of  Soils,  Lyman  J.  Briggs  states  on  page  20 : 

If  the  soil  is  nearly  saturated,  so  that  the  films  connecting 
the  capillary  spaces  are  short  and  thick,  and  the  capillary  spaces 
themselves  are  not  active,  but  little  resistance  is  oft'ered  to  the 
movement  of  water  and  the  addition  of  water  at  the  surface 
is  quickly  felt  farther  down.  If,  on  the  other  hand,  the  soil 
contains  but  little  water,  the  same  amount  of  water  added  to 
the  surface,  while  producing  marked  changes  in  the  upper 
layers,  will  not  be  felt  so  quickly  at  the  lower  depths  on  account 
of  the  activity  of  the  upper  capillary  spaces  and  the  length 
and  small  cross-section  of  the  connecting  films." 

Light  rains  in  summer  on  dry  soil  are,  therefore,  less 
effective  than  in  spring  and  fall  when  the  soil  is  moist. 

^foVEMEXT  OF  SoiL  MoiSTURE  BY  CAPILLARITY 

The  downward  percolation  of  water  in  soil  may  be  assisted 
by  capillarity  when  the  surface  tension  of  the  water  in  the 
deeper  soils  is  greater  than  at  the  surface.  The  condition 
arises  as  a  result  of  a  lower  tem])erature  at  the  bottom  and 
greater  viscosity  there,  or  it  may  result  where  the  deeper 
layers  are  made  up  of  finer  grains  or  contain  less  moisture  than 
the  surface  soil.  Capillarity,  or  surface  tension,  is  of  greatest 
importance,  however,  in  arresting  the  downward  movement  of 
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the  rains  in  the  soils  and  retaining  the  moisture  there  during 
the  growing  period  for  the  uses  of  vegetation. 

If  the  soil  is  already  moist  before  a  rainfall,  some  of  the 
rain-water  may  be  drawn  down  by  gravity  because  the  surface 
tension  cannot  retain  all  of  it.  As  the  soil  fills  with  water  the 
films  connecting  the  capillary  spaces  become  short  and  thick, 
the  curvature  of  the  films  becomes  small,  and  surface  tension, 
which  is  resisting  the  gravitational  movement,  is  decreased. 
I'nder  these  circumstances,  a  portion  of  the  water  flows  down- 
ward until  an  amount  remains  in  the  soil  that  the  surface  ten- 
sion can  support.  Should,  however,  there  be  but  little  moisture 
in  the  soil  previous  to  a  shower  only  a  small  portion  of  the 
rain  may  get  far  below  the  surface,  and  this  portion  w^ill  move 
very  slowly  in  the  dry  soil,  ^lost  of  the  rain-water  will  be 
distributed  in  the  top-soil,  according  to  the  moisture  content 
and  the  texture  of  the  several  layers  until  a  condition  of  equi- 
librium is  reached.  A  new  distribution  of  this  moisture  con- 
stantly takes  place,  however,  as  the  small  roots  of  vegetation 
distributed  through  the  soil  mass  absorb  the  water  from  the 
enclosing  sand  grains,  and  moisture  from  other  portions  of 
the  soil  moves  in,  through  capillarity,  to  take  its  place.  Fur- 
thermore, the  moisture  in  the  layer  of  soil  at  the  surface  is 
constantly  evaporated,  and  the  moisture  in  the  soil  beneath 
the  surface  moves  upward  to  be  in  turn  evaporated.  The  rate 
of  capillary  movement  increases  directly  with  the  fineness  of 
the  soil  and  up  to  a  certain  degree  of  saturation  with  the 
moisture  content,  and  increases  inversely  with  the  tempera- 
ture. 

Interior  I^a  aporation 

Al(jisture  in  the  soil  is  also  dissipated  at  times  by  interior 
evaporation,  currents  of  air,  moving  in  and  out,  as  the  soil 
breathes  "  take  up  a  small  amount  of  water  from  the  films 
that  surround  the  sand  grains  and  remove  it  as  aqueous  vapor. 
This  loss  is  probably  not  inconsiderable  in  an  ()i)cn.  ])orous  soil 
of  small  moisture  content  through  which  the  air  freely  moves 
under  changes  of  temperature  and  barometric  ])rcssnre.  When 
the  amount  of  moisture  in  the  soil  1)ec()mes  too  small  for  capil- 
lary movement,  it  exists  as  hygroscopic  water  on  the  soil 
grains  and  is  doubtless  removed  by  the  air  moving  tlu-ough 
the  soil.  The  amount  of  this  loss  has  not  l)een  studied  to  any 
extent,  and  it  is  not  known  whether  plants  secure  any  moisture 
from  the  air  within  the  soil. 
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Maximum  Capillary  Rise  of  A\'ater  in  Long  Island  Soils 

Among  other  investigations  on  the  physics  of  Long  Island 
that  were  made  in  1903  by  the  Burr-Hering-Freeman  Com- 
mission, a  series  of  experiments  was  carried  on  to  determine 
the  Hmit  of  upward  capillary  movement  of  moisture  in  par- 
tially saturated  soils,  which  are  fully  described  in  the  report 
of  the  commission,  pages  603  to  613.  Long  Island  sands, 
sifted  but  not  washed,  were  selected  for  this  work.  The  final 
results  of  these  experiments  are  exhibited  on  Sheet  138,  Acc. 
L  660,  taken  from  page  612  of  the  report.  This  diagram  shows 
the  limit  of  "  partial  capillarity  "  as  it  is  called,  or  the  greatest 
hight  to  which  moisture  rises  through  surface  tension  in  par- 
tially saturated  sands  of  a  given  effective  size.  From  the 
upper  curve  of  this  diagram,  which  represents  the  maximum 
hight  through  which  an  appreciable  amount  of  water  was  ob- 
served to  move  in  wet  soils,  the  maximum  rise  corresponding 
to  effective  size  is  as  follows : 


Effective  Size  of  Soil 
in  ^lillimeters 

Limit  of  Partial  Capillarity 
in  I'^eet 

0.03 

7.00 

0.05 

6.00 

0.10 

4.25 

0.20 

2.75 

0.30 

2.00 

0.40 

1.65 

0.50 

1.40 

0.60 

1.25 

0.70 

1.15 

0.80 

1.05 

0.90 

0.95 

1.00 

0.90 

For  material  of  the  fineness  of  the  Long  Island  loams  and 
subsoils,  which  have  an  effective  size  of  from  0.03  to  0.15  milli- 
meter, it  appears  that  the  limit  of  capillary  rise,  when  wet, 
is  from  four  to  seven  feet.  From  the  lower  curves  of  the 
diagram  it  is  evident,  however,  if  tlie  material  is  dry,  that 
moisture  does  not  rise  in  even  the  finest  soils  over  two  feet. 

It  should  be  noted,  however,  that  the  thickness  of  these 
fine  soils  in  tlie  plains  of  soutlicrn  Suffolk  county  is  in  no 
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case  much  over  36  inches,  and,  if  the  surface  of  the  ground- 
water is  below  the  subsoil,  vegetation  is  dependent  upon  the 
amount  of  moisture  that  the  force  of  capillarity  draws  up 
through  the  coarse  sands  and  gravels  underlying  the  subsoils 
into  which  the  roots  do  not  penetrate.  It  has  been  noted  that 
the  effective  sizes  of  the  coarse  ^ands  and  gravels  range  from 
0.20  to  0.60  millimeter;  from  the  above  table  it  appears  that 
water  does  not  rise  in  such-  material,  even  when  wet,  to  a 
greater  hight  than  one  to  three  feet,  and  moisture  determina- 
tions taken  in  test-pits,  excavated  in  1903,  to  the  water-table 
confirm  these  figures.  In  dry  material  of  these  effective  sizes, 
moisture  does  not  even  rise  as  much  as  12  inches. 

Under  the  most  favorable  conditions,  moisture  cannot, 
therefore,  reach  the  roots  of  plants  through  these  substrata  of 
coarse  sand  if  the  moisture  has  to  pass  from  a  ground- water 
surface  through  a  hight  of  more  than  three  feet.  If  the  depth 
of  soil  and  subsoil  is,  on  the  average,  30  inches,  and  the  sands 
and  gravels  below  are  of  such  texture  that  the  average  capil- 
lary rise  below  the  subsoil  is  say  24  inches,  it  is  evident  that 
vegetation  can  obtain  no  moisture  from  the  water-table  or  the 
surface  of  saturation  when  this  is  over  54  inches  below  the 
ground  surface,  or  let  us  say  five  feet,  to  be  on  the  safe  side. 

In  order  to  confirm  these  conclusions  by  full  size  experi- 
ments on  the  natural  soils  and  substrata  of  Long  Island  that 
would  be  more  convincing  to  the  average  man  than  the  deduc- 
tions from  the  above  investigations  of  1903,  a  series  of  experi- 
ments was  planned  in  the  fall  of  1907  and  carried  out  at  the 
Varick  Street  laboratory  during  the  ensuing  five  months.  ("lal- 
vanizcd-iron  tanks  six  inches  in  diameter  and  six  feet  long, 
open  at  1)oth  ends,  with  a  screen  at  the  l)ott()m,  were  filled  witli 
soil  at  three  representative  localities  along  the  line  of  the  pro 
posed  collecting  works  in  southern  Suffolk  county  as  follows: 


Dkptii  Dkptii 

Typk  or  Son,  ok  of 

Tkst-       Fkom  U.  S.  Bi  REAU  Location  Top-soil  Sthsoil 

pir  OK  Soils  in  in 

Inches  Inches 


A  Norfolk  coarse  sandy  loam .  Cultivated  field  1'^  miles  north- 
west of  Babylon  on  North 
street.  200  yards  east  of 
Belmont  avenue   10  24 

B       Norfolk  coarse  sand   "  Bahylon  experiniont  station," 

West  Islip,  in  scrul)  oak  l)arrt'ns        1  1  7 

C       Norfolk  sand   Corn  field  on  proi)iTly  of  H.  E. 

Berpen.  near  Sans  Souci  lakes, 

2  miles  northeast  of  Sayville.  .        9  15 
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Two  tanks  were  taken  from  each  pit;  one  at  each  point 
called  A-1,  B-1  and  C-1,  respectively,  represented  a  complete 
section  from  the  surface ;  the  second,  designated  A-2,  B-2  and 
C-2,  respectively,  was  not  intended  to  include  the  top-soil. 

The  tanks  were  carefully  filled  in  an  inverted  position  on 
the  ground,  samples  of  each  stratum  taken  in  jars  for  mechan- 
ical analysis,  and  all  shipped  to  \'arick  Street  laboratory.  The 
tanks  were  there  placed  within  others  about  eight  inches  in 
diameter,  as  shown  in  the  sketch  on  Sheet  139,  Acc.  L  500. 
A  tube  two  inches  in  diameter  on  the  outside  of  the  larger 
tanks  and  connecting  at  the  bottom  served  to  show  the  hight 
of  water  in  both  the  outer  and  the  inner  tank.  It  was  planned 
to  maintain  the  "  ground-water  "  level  in  these  soils  at  differ- 
ent levels  and  determine  the  amounts  of  water  that  were  car- 
ried to  the  surface  by  capillarity  and  evaporated,  by  observing 
the  loss  of  weight  of  the  cans  at  proper  intervals.  Tempera- 
tures of  the  surface  soils  were  taken  daily,  and  the  humidity 
and  temperature  of  the  air  in  the  room  observed.  The  soil 
surface  was  maintained  so  far  as  possible  flush  with  the  top 
edge  of  the  tanks,  and  the  evaporation  at  the  surface  was  in- 
creased by  an  electric  fan,  which  ran  during  the  daylight 
hours. 

Frequent  rains  in  Xoveml3er  had  saturated  the  ground  with 
water  and  the  soils  in  the  tanks  were  wet  when  taken  to  the 
laboratory.  Some  time  was  necessary  to  evaporate  the  surplus 
water  and  the  early  measurements  were  consequently  unsatis- 
factory and  were  discarded.  When  the  weighing  experiments 
were  completed  with  the  *'  ground-water  "  surface  at  the  bot- 
tom of  the  tubes,  the  amount  of  moisture  remaining  in  the  soils 
was  determined.  These  experiments  have  been  in  charge  of 
Assistant  Engineer  James  L.  Davis,  who  has  been  advised 
throughout  the  work  by  Mr.  George  C.  Whipple,  Consulting 
Engineer,  wlio  has  worked  up  the  final  diagrams  of  results 
shown  on  Sheets  \40  to  145,  inclusive.  Aces.  L  1018  to  L  1023, 
inclusive. 

These  diagrams  show  the  texture  of  the  soils  in  the  tanks, 
the  loss  of  water,  with  tlie  water  surface  at  various  depths 
below  the  surface  of  the  soil  and  the  moisture  content  at  the 
close  of  the  experiment.  The  amount  of  loss  from  the  tanks, 
taken  from  the  curves  of  these  diagrams,  is  shown  in  the  table 
on  page  539,  which  presents  the  following  facts : 

When  tlie  water  stood  one  foot  below  the  soil  surface,  the 
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losses  from  the  tanks  which  had  a  soil  cover  amounted  to 
0.09  to  0.20  pound  per  day,  and  were  apparently  proportional 
to  the  fineness  as  well  as  the  entire  depth  of  the  soil  and  sub- 
soil. These  figures  agree  very  well  with  the  results  of  similar 
experiments  made  by  the  Burr-Hering-Freeman  Commission 
at  Floral  Park  in  1903.  (  See  Report,  pages  766  to  768  and 
Plate  III  following  page  770.) 

When  the  water  was  two  feet  below  the  surface  of  the 
soils  in  Tanks  A-1,  A-2  and  C-1,  wdiich  had  soil  layers  at  this 
depth,  the  losses  were  from  0.065  to  0.10  pound  per  day.  Where 
this  depth  of  w^ater  surface  was  below  the  subsoil  in  the  two 
tanks,  B-1  and  C-2,  the  losses  were  only  0.02  to  0.05  pound. 
As  before,  the  losses  were,  in  general,  proportional  to  the  fine- 
ness and  depth  of  the  soil  and  subsoil.  This  was  also  true 
when  the  w-ater  surface  was  three  feet  below  the  soil  surface. 

The  losses  of  moisture  when  the  water  surface  in  each  tank 
was  at  the  same  distance  below  the  fine  subsoil,  gives  a  better 
comparison  of  the  several  substrata. 


EVAPORATION  FROM  LONG  ISLAND  SOIL  IN  TANKS 
AT  VARICK  STREET  LABORATORY 


Tank 

Number 

A-1 

A-2  B-1 

B-2  C-1 

C-2 

0.0 
0.32 
sand 
0..30 


Thickness  of  soil  and  subsoil  in  feet ...  .    2.8        2.1  1..5 
Effective  size  of  surface  soil   0.063     O.OG  0.280 

Effective  size  of  sand  below  subsoil.  .  .    0.24.5     0.25  0.440 
Evaporation  in  pounds*  per  day  when 
water  was  1  foot  below  surface  and  in 

subsoil  layers   0.200     0.120  0.090 

Evaporation  in  pounds  per  day  when 
water  was  2  feet  below  surface;  in 
subsoil  layers  of  Tanks  A-1,  A-2  and 

C-2,  and  below  these  layers  in  others.    0.000     0.005  0.053 
Evaporation  in  pounds  per  day  when 
water  was  .3  feet  below  surface  and 

below  all  subsoil  layers   0.048  0.045  0.035 

Evaporation  in  pounds  per  day  when 
water  was  1  foot  below  the  bottom  of 

suVjsoil.   0.040     0.045     0.042  t0.023 

Evaporation  in  pounds  per  day  when 
water  was  2  feet  below  the  bottom  of 

subsoil   0.035     0.038     0.025  fO.Ol? 


0.017 
0.012 


2.0  1.3 
0.155  0.14 
gravelly 
0.210  0.25 


0.025     0.140  0.030 


0.090  0.020 

0.048  0.012 

0.048  0.016 

0.020  0.010 


*For  these  tanks,  six  inches  in  diameter,  a  loss  of  one  pound  of  water  per  day 
is  approximately  equivalent  to  one  inch  in  depth  of  water  daily  upon  the  surface  of 
the  tanks 

tLosses  at  one  and  two  feet,  respectively,  IjcIow  the  surface  of  the  sand  in 
the  tank 


Only  0.016  to  0.045  pound  j)er  day  was  lost  when  the  water 
surfaces  were  one  foot  below  the  subsoils  and  only  0.010  to 
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0.038  pound  per  day  when  the  water  surface  was  two  feet 
below. 

The  greater  losses  in  the  tanks  which  had  the  thicker  lay- 
ers of  soil  and  subsoil,  even  when  the  water  surface  was  in 
the  coarse  sand  two  feet  below  the  finer  material,  suggests 
that  some  of  this  loss  represented  the  evaporation  of  capillary 
and  hygroscopic  moisture  from  the  fine  surface  soils.  The 
amount  of  moisture  in  these  top-soils  at  the  close  of  the  ex- 
periments was  considerable  after  they  had  been  cut  off  from 
any  source  of  supply  for  a  month.  It  is  reasonable,  therefore, 
to  suppose  that  the  amount  of  moisture  that  was  carried  up- 
ward one  foot  by  surface  tension  in  the  coarse  substrata  was 
about  0.02  pound  rather  than  the  larger  values  that  appear  in 
the  Tanks  A-1,  A-2,  B-1  and  C-1  which  had  a  soil  cover,  and 
it  is  probable  that  the  amount  of  moisture  that  was  raised 
through  two  feet  of  these  coarse  sands  was  still  less.  Further 
experiments  of  longer  duration  on  tanks  of  greater  hight  seem 
desirable. 

The  amount  of  moisture  required  by  growing  crops  is  given 
by  Risler  as  follows: 

Consumption  of  Water 
Crop  in  Inches  per  Day 


Meadow  grass   0.134  to  0.267 

Oats    0.140  to  0.193 

Indian  corn    0.110  to  0.157 

Clover    0.140  to   

\'ineyard    0.035  to  0.031 

Wheat    0.106  to  0.110 

Rye    0.091  to   

Potatoes    0.038  to  0.055 

Oak  trees   0.03S  to  0.035 

V\v  trees   0.020  to  0.043 


]'".\idcnlly  an  amouiU  of  moisture  C(jni\alcnt  to  the  ])rob- 
able  rise  of  water  in  pounds  per  da\-  in  these  coarse  I-ong 
Island  sands,  thrcnigh  even  one  foot  in  hight,  which  may  be 
placed  at  0.02  inch  in  (K'i)th,  is  insufficient  for  any  of  tlie  crops 
gr<Avn  on  i-ong  Nlaiid  and  hardlv  enougli  for  oak  and  lir 
tree-. 
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The  fact  that  the  loss  of  moisture  was  but  Httle  less  when 
the  surface  of  saturation  was  two  feet  below  the  subsoil,  and 
the  uniformity  of  the  small  loss  in  Tank  B-2,  which  had  no 
soil  cover,  suggest  that  some  of  these  losses  may  have  been 
due  to  interior  evaporation  rather  than  to  capillary  rise  in  the 
coarse  sands. 

It  is  not  likely  that  the  roots  of  vegetation  can  obtain  any 
moisture  that  has  been  evaporated  from  a  water  surface  within 
the  sands  several  feet  below  the  subsoils,  because  the  tem- 
perature at  this  depth  would  be  lower  than  that  of  the  soils 
in  which  the  roots  lie,  and  the  moisture-laden  air  rising  to 
the  surface  would  increase  in  temperature,  and  no  moisture 
would  be  condensed  where  the  roots  could  reach  it.  Of  course, 
some  might  be  condensed  in  the  surface  layers  at  night,  but 
the  cooling  during  the  night  hours  does  not  extend  far  below 
the  surface.  ]\Iore  water  would  probably  come  in  this  way  as 
dew  from  the  atmosphere  than  from  the  interior  sources. 

From  all  these  considerations  of  the  losses  of  moisture 
from  the  tanks  and  the  diagrams  showing  the  moisture  con- 
tent of  the  soils  at  the  end  of  the  experiments,  it  appears  that 
no  appreciable  amount  of  moisture  is  drawn  upward  by  capil- 
larity in  the  coarse  sands  that  underlie  the  Suffolk  County 
plains  soils  through  a  greater  distance  than  two  feet.  Even 
if  a  small  amount  of  moisture  is  raised  through  a  greater  dis- 
tance as  aqueous  vapor  by  air  within  the  soil  mass,  it  is  un- 
likely that  such  moisture  would  be  available  to  the  roots  of 
vegetation  in  the  soil. 

Conservation  of  Soil  Moisture 

It  has  been  mentioned  in  the  preceding  pages  that  the 
results  of  the  tank  experiments  on  the  Suffolk  County  soils 
indicated  that  the  finer  top-soils  retained  their  moisture  for 
many  weeks  after  they  were  cut  off  from  the  source  of  supply 
by  the  lowering  of  the  water-table.  The  amount  of  moisture 
that  may  be  retained  in  fine  top-soils  is  also  exhibited  in  Dia- 
gram 54  in  the  report  of  the  Burr-Hering-Freeman  Commis- 
sion, page  603.  Two  diagrams  recently  compiled  by  Mr. 
George  C.  Whipple,  from  unpublished  data  obtained  by  this 
commission  in  1903,  are  exhibited  on  Sheets  146  and  147,  Aces. 
L  682  and  L  683.  The  first  shows  that  the  loams  and  subsoils 
at  Floral  Park  and  Hempstead,  which  are  typical  of  the  bet- 
ter Long  Island  soils,  contained  five  to  seven  times  the  amount 
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of  moisture  that  existed  in  tlie  coarse  sands  and  gravel  be- 
neath. The  second  diagram  shows  the  retentiveness  of  these 
soils  during  a  portion  of  the  month  of  August,  1903.  Xo  rain- 
fall of  any  consequence  occurred  between  the  7th  and  the  25th, 
yet  there  was  nearly  as  much  moisture  in  the  soil  at  Moral 
Park  at  the  end  of  this  18th  day  period  as  in  the  beginning. 
The  soil  at  Rockville  Center  lost,  in  the  same  time,  al)out  one- 
third  of  its  moisture  content.  No  attempt  was  made  in  either 
case  to  prevent  the  loss  of  moisture  by  the  ordinary  methods 
of  cultivation. 

These  are  but  typical  of  the  moisture  conditions  in  the 
surface  strata  throughout  Long  Island,  where  there  is  a  soil 
covering  suitable  for  agricultural  purposes.  Without  the  res- 
ervoir of  moisture  that  exists  as  capillary  water  in  the  finer 
top-soils,  crops  could  not  be  grown  on  these  sandy  i)lains  where 
the  soil  is  over  two  or  three  feet  above  the  water-table,  unless 
it  rained  almost  constantly.  The  porous  leachy  soils  in  Suf- 
folk county  only  support  crops  when  thev  are  made  finer  and 
more  retentive  of  moisture  l)y  turning  in  manure  or  other  or- 
ganic matter. 

\'arious  methods  of  conserving  moisture  in  tlie  soil  are 
familiar  to  the  farmer.  A  mulch  of  soil  is  created  l)y  Ujosen- 
ing  up  tlie  earth  for  three  inches  or  more  in  depth,  and  some- 
times a  nuilch  of  straw  or  manure  is  spread  on  the  surface 
of  the  ground  to  prevent  the  escape  of  the  moisture.  The 
nuilch  rapidly  dries  out,  and  interposes,  between  the  soil  filled 
with  moisture  and  the  dry  air,  a  layer  that,  because  of  its  loose 
character  and  its  dryness,  prevents  the  rapid  movement  of  the 
moisture  through  it  to  the  surface. 

The  surface  of  the  soil  is  usually  cultivated  after  a  heavy 
rain  and  most  frequently  in  the  spring,  to  save  the  water  that 
has  entered  the  ground  during  the  winter.  .Snbsoiling  and 
deep  fall  ploughing  serve  the  same  ])urp()se,  and  these  may  not 
only  conserve  but  increase  the  soil  moisture  bv  making  the 
C(jnditions  favorable  for  the  movement  of  moisture  from  other 
strata  toward  the  soil  in  which  the  roots  of  the  crops  are  feed- 
ing. Many  interesting  ex])eriments  on  the  conservation  of  soil 
nKjisture  have  l)cc'n  made  1)v  Prof.  V.  11.  King  at  the  Uni- 
versity of  W  isconsin,  which  are  described  in  his  "  i*h)sics  of 
Agricnltnrc." 

The  surface  soils  of  the  out  wash  j)lains  in  Suffolk  county, 
as  well  as  those  in  western  Pong  Island,  willi  litfle  excei)tion. 


AGRICULTURAL  LNTERESTS 


545 


are  entirely  dependent  upon  the  moisture  that  they  retain  for 
the  growth  of  crops.  It  will  be  show^n  that  on  only  a  very 
small  percentage  of  the  outwash  plains  is  the  surface  of  satura- 
tion in  the  substrata  sufficiently  near  the  surface  soils  to  sup- 
ply the  growing  crops  with  moisture.  The  possibilities  of  even 
the  coarse  open  soils  of  the  Suffolk  County  scrub  oak  barrens 
to  retain  the  moisture  needed  for  all  varieties  of  crops,  were 
demonstrated  last  year  by  Mr.  H.  B.  Fullerton  of  the  Long 
Island  railroad,  at  Medford,  on  the  Main  line  of  the  Long 
Island  railroad. 

Several  acres  of  land  were  purchased  within  the  area  desig- 
nated by  the  Bureau  of  Soils  as  Sassafras  gravelly  loam.  This 
was  cleared  of  the  scrub  oak  forest;  wood  ashes  were  added 
to  make  the  soil  alkaline  and  the  natural  humus  and  some 
stable  manure  were  turned  in.  The  water-table  is  40  feet  be- 
low the  ground  surface  of  this  experimental  farm,  and  moisture 
could  not  possibly  have  reached  the  surface  from  such  a  depth ; 
yet,  with  this  preliminary  treatment,  and  by  means  of  ap- 
proved methods  of  cultivation  or  dry  farming  "  during  the 
growing  season,  splendid  crops  of  vegetables  of  all  varieties 
were  grown  without  other  moisture  than  fell  on  the  surface. 
The  rainfall  in  Suffolk  county,  during  the  summer  of  1907, 
was  not  large  and  that  for  the  whole  year  was  slightly  below 
the  normal.  Vegetable  crops  failed  on  farms  near  this  ex- 
periment station  where  the  soils  were  not  properly  cultivated, 
to  retain  the  summer  rains.  The  success  of  the  Medford  sta- 
tion can  be  repeated  elsewhere  in  Suffolk  county,  where  the 
soils  are  equally  good,  regardless  of  the  hight  of  the  surface 
above  the  ground-water. 

EXTENT  OF  SUFFOLK  COUNTY  AGRICULTURAL 
INTERESTS 

The  areas  under  cultivation  within  the  catchment  area  of 
the  proposed  Suffolk  County  supply  are  shown  on  Sheet  149, 
Acc.  5334,  which  exhibits  the  character  of  the  surface  vegeta- 
tion on  this  area,  the  location  of  the  larger  villages  and  the 
relation  of  these  and  the  cultivated  areas  to  the  line  of  the 
proposed  collecting  works. 

The  relative  areas  under  cultivation,  in  pasture,  sproutland, 
woodland,  meadow  of  fresh  marsh  and  salt  marsh,  are  given 
in  the  table  following.    Only  30,000  acres,  or  15  per  cent,  of 
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the  entire  catchment  area  of  332  square  miles,  is  cultivated, 
and  some  of  this  is  unprofitable  grass  land.  The  character 
of  the  crops  on  these  cultivated  lands  in  1907  is  shown  by  the 
small  letters  on  this  map.  Where  no  letters  are  shown,  hay 
crops  were  grown.  As  already  stated,  a  larger  percentage  of 
the  moraines  is  under  cultivation  than  the  outwash  plains.  One- 
quarter  of  the  moraine  surface  within  the  southerly  Sufifolk 
County  catchment  is  under  cultivation,  whereas  only  15,000 
acres,  or  11  per  cent,  of  the  outwash  plains,  are  devoted  to 
agricultural  uses. 

SURFACE  CHARACTER  OF  SUFFOLK  COUNTY  WATERSHEDS 


Character 
OF  Surface 


Ground-water 
Catchmext  of  the 
Southern  Si  ffolk 
Coi  NTV  Sources 


Outwash  Mo- 
Plains  raines 


Total 


Ground-water 
Catchment 
OF  the 
Peconic 
Valley 
Sources 
Total 


Total 
Ground-water 
Catchment 
OF  THE  Pro- 
posed Suf- 
folk County 
Sources 


Cultivated 

Area  in  square  miles.  .  .  .  23.93 

Percentage  of  total   11.3 

Pasture 

Area  in  square  miles.  ...  1.50 

Percentage  of  total   0.7 

Sproutland 

Area  in  square  miles.  .  .  .  123.20 

Percentage  of  total   58.4 

Woodland 

Area  in  square  miles.  .  .  .  57.17 

Percentage  of  total   26.8 

Fresh  Marsh 

Area  in  square  miles  ....  5.80 

Percentage  of  total   2.73 

Salt  Marsh 

Area  in  square  miles.  ...  0.10 

Percentage  of  total   0.07 

Total  square  miles   211.82 

Per  cent,  of  total   100.00 


20.55 

44.48 

4.63 

49.11 

25.1 

15.14 

12.18 

14.81 

3.16 

4.66 

0.07 

4.73 

3.8 

1.59 

0.19 

1.42 

29.50 

1  2.70 

11.02 

163.72 

36.1 

2.00 

29.02 

49.38 

28.16 

85.33 

19.13 

104.46 

34.4 

29.06 

50.37 

31.48 

0.49 

6.35 

3.13 

9.48 

0.6 

2.16 

8.24 

2.86 

0.00 

0.16 

0.00 

0. 1 6 

0.00 

0.05 

0.00 

0.05 

81.86 

293.68 

37.98 

331.66 

00.00 

100.00 

100.00 

100.00 

Much  of  this  cultivated  land  in  .southern  SulTolk  county 
is,  furthermore,  far  from  the  line  of  the  proposed  south  shore 
C(jllccting  works.  (  )ii]y  al)out  '^()()()  acres,  or  30  per  cent,  of 
this  cultivated  land,  is  within  a  distance  of  one  mile  of  the 
pro])ose(l  works. 

Kffkct  ()]•■  (  )i'i:R.\rio.\  oi'  Works  o.x  W'kij.  SriM'i.v 

There  can  be  iio  doubt  that  ibu  water  surface  in  wells 
within  a  few  hundred  fett  of  the  proposed  collecting  works 
would,  by  their  operation,  bu  lowered  several  feet;  but  most 
of  this  depression  of  the  ground-water  table  would  lake  place 
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within  the  1000-foot  right-of-way  that  it  is  proposed  to  pur- 
chase. The  lowering  of  the  water  in  any  wells  outside  of  this 
right-of-way  would  not  be  much  greater  than  the  normal 
fluctuation  in  the  water-table  that  takes  place  in  the  course 
of  years  through  the  variation  in  the  amount  of  rainfall.  The 
additional  lift  in  such  wells  that  might  at  times  be  necessary 
because  of  the  pumping  of  the  proposed  works  w^ould  not  be 
sufficient  to  cause  much  annoyance.  Water  for  all  purposes 
could  be  drawn  as  readily  after  the  works  were  in  operation 
as  before.  The  proposed  location  is,  in  general,  so  far  back 
from  the  villages  and  farms  along  the  south  shore  and  in  the 
Peconic  valley  that  but  few  domestic  wells  would  be  seriously 
affected. 

Effect  of  Proposed  Works  ox  Soil  ^Moisture 

The  dotted  lines  on  the  map.  Sheet  149,  Acc.  5334,  are 
lines  of  equal  depth  of  the  water-table,  or  the  surface  of  satura- 
tion below  the  ground  surface.  It  is  evident  that  on  the  whole 
length  of  the  line  in  southern  Suffolk  county  the  ground  sur- 
face is  generally  over  5  feet,  and  seldom  less  than  10  feet  above 
the  ground-water  surface,  except  within  the  valleys  of  the  larger 
streams.  The  experiments  on  soil  moisture  have  shown  that 
only  within  the  areas  enclosed  by  the  lines  of  five  feet  depth 
of  ground-water  where  the  water-table  is  less  than  five  feet 
from  the  surface,  would  the  lowering  of  the  ground-water 
through  the  pumping  on  the  proposed  line  possibly  decrease 
the  amount  of  moisture  in  the  soil.  Outside  of  the  5-foot  lines 
on  the  map  where  the  ground  surface  is  more  than  this  hight 
above  the  water-table,  the  amount  of  moisture  in  the  surface 
soils  is  independent  of  the  movement  of  the  ground-water. 
All  vegetation  in  the  soils  where  the  surface  is  more  than 
five  feet  above  the  ground- water,  secure  only  the  water  from 
the  rains  that  the  soils  are  able  to  retain  as  it  passes  down  to 
the  deep  water  bearing  strata. 

The  total  area  of  surface  of  the  whole  Suffolk  County 
catchment  area,  within  which  the  ground-water  is  less  than 
five  feet  below  the  ground  surface,  is  only  15,000  acres,  or 
seven  per  cent,  of  the  whole  area  of  212,000  acres,  or  332 
square  miles;  and  in  the  catchment  of  the  southern  Suffolk 
County  sources,  but  little  more  than  five  per  cent,  of  the  sur- 
face is  within  this  hight  above  the  ground-water  as  follows: 
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Catchment  Area, 
Less  Than 

Watershed  Total         5  Feet  Above 

Area  Ground-water 

Surface 


Southern  Suffolk  County  sources 

Area  in  square  miles  

Per  cent,  of  whole  

Peconic  Valley  sources 

Area  in  square  miles  

Per  cent,  of  whole  

Total  catchment  area  in  square  miles 
Per  cent,  of  whole  


The  vegetation  supported  by  the  soils  on  93  per  cent,  of 
the  entire  catchment  area  obtains  no  moisture  from  the  water- 
table  below  them.  Not  all  of  the  small  area  in  which  the 
water-table  is  less  than  five  feet  below  the  surface  would  be 
affected  by  the  proposed  ground-water  collecting  works,  be- 
cause the  ground-water  surface  would  not,  at  any  time,  be 
greatly  depressed  beyond  a  distance  of  one  mile  from  the 
collecting  works. 

Within  a  belt  one  mile  either  side  of  the  collecting  works 
in  southern  Suffolk  county,  only  8000  acres,  or  4.3  per  cent, 
of  the  surface  of  the  entire  catchment  area,  would  be  within 
five  feet  of  the  ground-water,  and  the  moisture  of  the  soils 
in  only  this  small  portion  of  the  watershed  would  be  cft'ected. 
This  area,  however,  includes  about  3000  acres  of  meadow  and 
marsh  land  in  the  bottom  of  the  valleys,  now  worthless  for 
agriculture,  that  could  be  cultivated  if  the  water  were  depressed 
below  the  to])-s()ils,  so  that  only  5000  acres,  or  2.7  per  cent,  of 
the  entire  catchment  area  in  southern  Suffolk  county  could 
be  effected  injuriously  b)'  the  proposed  collecting  works,  and 
3000  acres  of  marsh  land,  or  l.()  per  cent.,  would,  at  the  same 
time,  be  improved.  The  land  on  which  the  soil  moisture  would 
be  decreased  l)y  the  oj)eration  ot'  the  i)r(jj)osed  works  is  not 
by  an\  means  occupied  by  farms  at  this  time.  Only  750  acres, 
or  0.4  ])er  cent,  of  the  watershed,  could  possibly  be  injured 
now. 

About  2100  acres,  or  «S.7  j)er  cent,  of  the  surface  within  a 
mile  of  the  i\'conic  A'alley  cojlcHiing  works  is  within  ii\e  feet 
of  the  ground  water,  and  of  tins  area  a])out  1000  acres  is  in 
swamp  and  water  surface,  and  only  100  acres,  or  0.4  j)er  cent, 
of  the  catchment  area  of  3<S  s(juare  miles,  is  under  cultivation. 

The  branch  lines  in  the  interior  valleys  would  be  operated 
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only  at  intervals  of  several  years,  when  the  rainfall  was  de- 
ficient, and  the  small  areas  of  low  ground  in  the  narrow  val- 
leys, in  which  the  soil  moisture,  on  rare  occasions,  might  be 
diminished,  have  not  been  considered. 

The  total  area  within  the  entire  Suffolk  County  catchment 
area  of  332  square  miles,  or  212,000  acres,  in  which  the  sur- 
face soil  is  less  than  five  feet  from  the  ground-water  and  within 
a  mile  of  the  main  collecting  works,  is  only  10,100  acres,  or 
4.8  per  cent,  of  the  whole,  and  this  includes  about  4000  acres 
of  water  surface  and  swamps  that  would  be  benefited  l)y  any 
lowering  of  the  ground-water  surface.  Of  the  remaining 
6100  acres,  or  2.9  per  cent,  of  the  catchment  area,  it  is  esti- 
mated that  only  850  acres,  or  0.4  per  cent,  of  the  whole  water- 
shed is  now  under  cultivation  and  might  ])e  damaged  by  the 
proposed  works. 

Even  in  the  areas  wliere  the  surface  moisture  in  the  soil 
would  be  decreased  by  lowering  the  water-table,  the  land  would 
be  no  less  valuable  for  most  crops.  Perhaps  some  vegetal)les 
that  recjuirc  a  great  deal  of  water  could  not  profitably  be 
raised  tliere ;  but  other  crops,  equally  valuable,  could  be  cul- 
tivated. 

The  general  truth  of  the  a1)0ve  deductions,  that  no  dam- 
age would  result  where  the  ground  is  far  above  the  water- 
table,  is  well  shown  on  Sheet  152,  Acc.  L  692.  All  the  dam- 
age cases  that  have  been  brought  against  The  City,  in  Queens 
and  Nassau  counties,  for  lowering  the  ground-water,  have  been 
located  on  low  lands  near  the  driven-well  stations  and  in  the 
valleys  of  the  streams.  The  vast  acres  of  profitable  truck 
farms  in  western  Long  Island  within  half  a  mile  of  the  Brook- 
lyn ground-water  works  that  have  suffered  no  injury  whatever 
from  the  lowering  of  the  ground-water,  is  sufficient  refutation 
of  the  objections  of  the  Suffolk  County  agricultural  interests 
to  the  diversion  of  the  proposed  ground-water  supply. 
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LOCAL  USES  OF  WATER  L\  SUFFOLK  COUNTY 

BY   WALTER   E.   SPEAR.   DIVISION  ENGINEER 

In  (livertiiii;-  the  ground- waters  of  Suffolk  count}',  X'ew 
York  City  must  recognize  the  priority  of  right  of  this  county 
to  all  water  that  is  required  there  for  local  uses.  Water  is 
now  used  in  Suft'olk  county  for  domestic  su])ply,  street  and 
lawn  sprinkling,  various  small  manufacturing  uses,  steam- 
power,  wash  water,  etc.,  and  the  flows  of  many  streams  are 
still  utilized  for  water-power.  It  is  estimated  that  the  total 
amount  of  water  now  developed  within  the  proposed  Suffolk 
County  watersheds  is  as  follows : 


Alillion  Gallons 
per  Day 


Public  water-supplies  (maximum  ground-water  pump- 
age  of  local  water-works  in  summer  months)  ...  5 

Steam-power,  wash  water,  and  other  small  commer- 
cial uses  (surface  and  ground-waters  from  ])rivale 
plants)    1 

Water-power  (average  flow  of  streams  that  ma\  l)e 
utilized)    80 

Total  amount  used    86 


The  water  now  used  for  public  supply,  sleam-i)ower,  wash 
water,  and  similar  commercial  uses,  could  nol  be  diverted  with- 
out seriously  interfering  with  tlie  health  and  prosperity  of 
these  .Suffolk  Count \-  towns,  and  tliese  waters  would  neces- 
sarily  be  supplied  bv  Xew  N'ork  City  should  the  operation  of 
the  ])roposed  collecting  works  inter I'ere  w  ith  tlie  present  snnrces 
of  supply.  It  does  not  a])])ear  at  all  necessary,  bowex'er.  to 
replace  in  the  streams  an\-  snr face-w  atei-  that  is  now  used 
for  water-power.  'Hie  falls  at  tliese  water-power  ])]ants  are 
low,  and  tlu-  entire  aniount  of  powt'i-  (kweloped  is  in>ignitieant . 
This  j)o\ver  cduld,  at  small  expense,  be  rei)lace(l  by  steam- 
power  or  i)erl)a])s  by  electric  power  from  the  central  power- 
station  o|  the  proposed  collecting  works. 
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PUBLIC  WATER-SUPPLIES 

As  ground-water  exists  everywhere  in  the  gravels  beneath 
the  surface  in  Suffolk  county,  abundant  supplies  of  water  for 
domestic  uses  and  irrigation  have  been  easily  obtained  by  sink- 
ing a  well  a  short  distance  into  the  ground.  Much  of  the 
population  within  the  proposed  watersheds,  probably  over  50 
per  cent.,  is  still  supplied  by  small  driven  or  dug  wells  near 
their  dwellings  and  farm  buildings.  There  are  no  sewerage 
systems  in  the  Suffolk  County  villages  and  the  disposal  of 
sewage  and  household  w^astes  in  the  ground  has  made  the  wa- 
ters within  the  villages  unfit  for  use,  and  the  larger  villages 
are  supplied  by  local  water-works. 

Public  water-supplies  have  been  established  within  the  pro- 
posed catchment  area,  through  private  enterprise,  at  Amity- 
ville,  Babylon.  Bayshore,  Patchogue,  Quogue  and  Rivcrhcad. 
The  ownership  of  these  plants,  their  yield,  and  the  villages 
supplied  from  each  station  are  shown  in  the  following  table : 

SUFFOLK  COUNTY  WATER-WORKS 


Location 
OF  Station- 


Owner 
OF  Works 


Villages  Served 


pumpage  in 
Gallons  Per  Day 


Maximum  Minimum 


Amityville.  .  Amityville  Water 


Babylon.  .  . 
Bayshore.  . 
Patchogue. 
Quogue .  .  . 

Riverhead . 


'().()()() 


;i8(),oo() 


Company   Amityville  

Sumpwams  Water 

Company   Babylon  

Great  South  Bay  Bayshore,    Islip    and  East 

Water  Company.      Islip   2.000,000 

Great  South  Bay  Patchogue.  Blue  Point,  Bay- 
Water  Company,      port  and  Sayville   1,.")(>4,000 

Quantuck    Water  Quogue.  East  Quogue.  West- 
Company   hampton  and  Westhamp- 

ton  beach   900.000 

Riverhead  Water 

Works  Company.  Riverhead   lO.OOO 

Total   5,114,000 


40,000 
160,000 
600,000 
900,000 

20,000 
10,000 
1,780,000 


1)k.>(  rii'ti().\  of  \\'.\ti:r-\\Ork.s 

The  a])ove  plants  arc  briefly  descri'ned  in  llie  following 
pages,  and  photographs  of  the  larger  i)lants  follow  this  ap- 
pendix.   (Plates  19  to  22,  inclusive.) 

AMITVVirj.E 

The  water-works  .system  in  Amityville  was  built  in  1893 
by  the  Amityville  Water  Com])any,  and  has  since  l)ccn  extended 
from  time  to  time  to  keej)  ])ace  witli  llic  population. 
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The  pumping-plant  of  these  works  is  located  in  the  base- 
ment of  a  brick  building  owned  by  the  Electric  Light  Company. 
The  plant  comprises  two  half-million-gallon  Knowles  com- 
pound duplex,  non-condensing  pumps  usually  run  at  80  per 
cent,  of  rated  piston  speed.  The  pumps  are  run  by  steam  fur- 
nished by  the  Electric  Light  Company,  and  the  pumping  is 
usually  done  at  night  while  the  lighting  plant  is  in  operation, 
the  same  force  running  both  plants.  The  boilers  operating 
the  two  plants  are  two  E.  P.  Hampson  &  Co.  horizontal  return 
tubular  boilers  of  85  H.P.  each  and  one  new  150-H.P.  boiler 
of  same  pattern  made  by  ]\IcEwen  Bros,  of  Xew  York. 

The  force  employed  on  the  pumping  and  lighting  [)lants 
consists  of  a  chief  engineer,  one  assistant  engineer  and  one 
fireman.  The  two  companies,  while  not  identical,  are  com- 
posed largely  of  the  same  stockholders. 

The  supply  is  taken  from  two  6-inch  driven  wells  40  feet 
deep,  whose  yield  is  but  little  in  excess  of  the  demand,  and  is 
pumped  to  a  standpipe  20  feet  by  125  feet  of  293,000  gallons 
capacity,  located  near  the  pumping-station.  The  maximum 
pumpage  of  this  ])lant  in  summer  is  about  170,000  gallons, 
while  in  winter  the  mininuim  is  al)out  40,000  gallons  per  day. 
The  population  of  Amityvillc  in  tlie  summer  is  said  to  be  about 
3,000  and  in  winter  2,500. 

The  fire  service  is  provided  through  52  doul)le  nozzle  hy- 
drants, 5  of  wliich  arc  old  Holly  hydrants,  6  Glamorgan, 
and  41  l^^ddy.  The  distril)ution  system  is  now  7.57  miles  long, 
including  all  extensions  to  date.  The  private  service  comprises 
about  200  consumers,  some  of  whom  use  the  water  only  dur- 
ing the  summer  months.  Water  is  also  furnished  for  street 
sprinkling  for  a  nominal  consideration. 

1',ai:ni.o\ 

Tlie  water-works  at  Babylon  were  built  in  IS' ^3  for  the 
.*^umj)wains  Water  Conij)any.  The  supply  is  obtained  from 
driven  wells,  two  S-incli  driven  in  1893,  two  in  IS'^S  and  two 
later,  making  six  in  all. 

The  station,  which  is  located  in  the  northeasterly  portion 
of  the  village  <»n  Smith  street,  800  feet  north  of  the  railroad, 
was  constructed  on  the  Acme  system,  patented  1)\  W.  V.. 
Wortlieii  and  was  hnilt  by  (  )scar  Darling.  The  pnniping-plant 
consists  of  one  12-inch  by  18)j-ineli  1)\  lO'j-inch  by  lO-inch, 
and  one  8-inch  by  12-inch  by  7-incli  by  10-inch  W  orthington 
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compound  duplex  engine,  with  a  total  capacity  of  2,000,000 
gallons  per  day.  The  air-compressors  in  the  engine  room,  one 
9^ -inch  by  8-inch  by  8-inch  duplex  and  one  7-inch  by  6-inch 
by  7-inch  duplex,  provide  pressure  in  the  system  when  the 
pumps  are  not  working.  Normally,  the  air  pressure  is  carried 
at  110  pounds  and  water  pressure  at  45  pounds.  Regulators 
are  provided  so  that  by  the  addition  of  weight  to  levers  air 
pressure  m.ay  be  increased  on  storage  tanks,  and  the  normal 
water  pressure  increased  for  fire  service.  Steam  is  providetl 
by  two  horizontal  return  tubular  boilers  of  80  H.P.,  each  built 
by  the  Ames  Iron  Works  Co.  with  brick  stack  and  feed  water 
heater. 

The  storage  system  consists  of  two  vertical  water-tanks 
and  two  horizontal  tanks  resting  on  the  ground  and  housed  in 
a  building  adjoining  the  engine  room.  Two  compressed  air 
tanks,  17  inches  by  18  feet,  are  also  in  this  building  and  act 
as  receivers  for  air-compressors. 

The  distribution  system  comprises  eight  miles  of  mains 
with  50  hydrants  for  fire  service.  The  population  of  Babylon 
is  estimated  to  be  in  summer  4,000  and  in  winter  2,500.  The 
maximum  pumpage  of  these  works  is  estimated  to  be  in  sum- 
mer 380,000  gallons,  and  the  minimum  in  winter  160,000  gal- 
l(jns.  Private  service  includes  about  350  consumers,  some  of 
whom  use  water  only  during  the  summer  months. 

BAYSIIORE 

The  water-works  system  in  Jiayshore,  which  is  owned  by 
the  Great  South  Bay  Water  Company  was  built  in  1889-90  in 
Bayshore,  and  afterward  extended  to  Islip  and  East  Islip.  The 
supply  is  taken  from  twenty  5-inch  driven  wells  on  Fifth  ave- 
nue about  a  mile  north  of  the  village.  The  supply  was  for- 
merly taken  from  driven  wells  on  low  ground  on  the  north 
side  of  the  main  street  of  the  village,  but  was  so  impregnated 
with  iron  or  manganese  that  this  site  was  abandoned  for  the 
present  one. 

The  pumjjing-plant  at  this  station,  which  is  a  small  frame 
structure,  consists  of  a  pair  of  2,500,000-gallon  compound 
duplex  Knowles  pumps,  formerly  used  in  the  old  station. 
Steam  is  supplied  by  one  40-H.P.  Hodge  boiler,  and  one  new 
100-H.P.  Erie  City  boiler,  both  of  the  return  tulnilar  tvpe. 
The  small  boiler  is  soon  to  be  removed  and  replaced  with  a 
larger  one.    Both  pumps  are  condensing,  using  a  jet  con- 
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denser,  placed  between  the  two  engines.  The  force  employed 
consists  of  one  engineer  and  one  hreman,  besides  the  superin- 
tendent, whose  time  is  divided  between  this  plant  and  that  at 
Patchogue. 

The  supply  is  pumped  to  a  stand-pipe,  20  feet  by  150  feet, 
with  a  capacity  of  350,000  gallons,  near  the  old  station. 

The  distribution  system  comprises  about  16  miles  of  mains, 
and  is  extended  through  Bayshore,  Islip  and  East  Islip.  The 
population  of  the  villages  served  by  this  system  is  estimated  to 
be  as  follows : 


Bayshore    4,000 

Islip    1,500 

East  Islip    1,000 


Total  estimated  population   6,500 


The  ma.Kimum  pumpage  of  this  station  in  summer  is  about 
2,000,000  gallons,  and  the  minimum  in  winter  al)()ut  600,000 
gallons.  Fire  service  is  provided  through  14S  hydrants  of  the 
double  nozzle  type,  placed  as  follows:  In  lu'i^shore  84,  Islip 
and  East  Islip  64  hwirants.  Tlie  ])rivate  service  comprises 
about  700  taps. 

PATCriOGUE 

The  water-works  in  i'atchogue  are  also  owned  ])>■  tlie  (ircat 
South  i)a\-  Water  C'ompanw  and  were  l)uill  in  1S()7  in 
Patchogue,  and  later  extended  to  llie  villages  ol"  lUne  Toint. 
Bavport  and  Sayville.  Su])i)l}-  is  ol)tained  fr()m  dri\en  wells 
at  the  ])um])ing-station,  situated  near  the  west  end  of  the  vil- 
lage, and  600  feet  south  of  the  South  Country  road  near  the 
outlet  of  tlie  West  lake.  Tlu-  supply  is  now  l)eing  augmented 
b\-  the  addition  of  six  lO-inch  wells,  which  are  being  sunk  b\- 
tl'.e  Hudson   I'jigineering  Company. 

The  (iriginal  ll()lle\-  pump  at  this  station  has  been  removed, 
and  a  new  2,5()0.000-gallon  Worthinglon  compound  dn])le\ 
pnmp  installed  in  it-^  place.  The  old  2.500,000-gallon  Worth- 
ington  of  similar  pattern  is  still  in  use,  gi\ing  a  total  i)nni])ing 
caj)acit\-  of  5.00().fKH)  gall(Mi>  per  daw  .Steam  will  be  fiu-- 
nisheij  by  a  new  T.abcock  and  Wilcox  tubnl.'ir  boiler,  which 
is  now  being  installed,  after  which  the  old  boiler  now  in  use 
is  to  be  iemii\ed.     Tlu-   force  i-niployed  consists  of  one  eii- 
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gineer  and  a  fireman  only,  there  being  no  outside  men  em- 
ployed except  as  special  occasion  may  require.  This  plant  is  in 
a  brick  building  somewhat  too  small  for  the  plant  to  be  oper- 
ated and  is  equipped  with  a  brick  stack. 

The  water  is  pumped  to  a  stand-pipe  115  feet  high,  with 
a  capacity  of  270,000  gallons.  This  pipe  was  originally  100 
feet  high  and  recently  15  feet  more  were  added. 

The  company  has  recently  purchased  additional  real  estate, 
including  about  20  acres  about  the  West  lake,  and  six  acres 
south  of  the  South  Country  road,  giving  them  probably  about 
30  acres  in  all,  which  will  thoroughly  protect  the  supply. 

The  distribution  system  comprises  the  greater  part  of 
Patchogue,  Blue  Point,  Bayport,  Sayville,  and  West  Sayville, 
with  19  miles  of  mains.  The  population  of  the  villages  served 
by  this  system  is  estimated  as  follows : 


Patchogue    5,000 

Blue  Point   500 

Bayport    800 

Sayville  and  West  Sayville   2,500 


Total  estimated  j^opulation    8,800 


The  maximum  pumpage  of  these  works  has  been  1,564,000 
gallons  per  day  in  the  summer,  while  the  minimum,  in  winter, 
is  900,000  gallons.  Fire  service  is  i)r(jvi(led  hy  means  of  165 
double  nozzle  hydrants  located  as  follows :  Patchogue  64,  Blue 
Point  26,  Sayville  and  l^ayport  75  hydrants.  The  private  serv- 
ice comprises  750  taps,  of  which  450  are  in  the  village  of 
Patchogue. 

OUOGUE 

The  works  in  Quoguc  were  l)uilt  in  1903  for  the  Ouantuck 
Water  Company,  by  L.  J.  Richardson  of  Oswego,  New  York. 
They  are  owned  by  local  residents. 

The  supply  is  obtained  from  driven  wells  located  on  the 
west  side  of  Ouantuck  creek,  about  1800  feet  north  of  the 
South  Country  road.  These  wells,  eight  inches  in  diameter 
and  six  in  number,  were  put  in  when  the  works  were  built,  and 
two  additional  5-inch  wells  have  since  been  sunk  and  con- 
nected. Depth  of  wells  is  said  to  be  40  feet.  The  pumping- 
plant  consists  of  a  pair  of  Rumsey  double  acting  triplex  power 
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pumps,  driven  by  a  pair  of  40-H.P.  Olin  gas  engines  ;  also  a 
smaller  Rumsey  triplex  power  pump,  driven  by  a  separate  gas 
engine  and  used  during  the  winter  months  when  the  pumpage 
is  small.  The  capacity  of  the  larger  pumps  is  762  gallons  each 
per  minute,  while  that  of  the  small  one  is  175  gallons  per 
minute.  The  total  daily  capacity  of  the  larger  pumps  is  about 
2,000,000  gallons  per  day.  The  pumping-station  is  a  brick 
building  about  26  feet  by  60  feet  with  concrete  floor.  The 
company  employs  one  man  as  engineer  and  superintendent,  who 
lives  in  a  house  adjoining  the  plant. 

The  supply  is  pumped  to  a  stand-pipe  located  near  the 
pumping-station,  and  the  stand-pipe,  20  feet  by  100  feet,  has 
a  capacity  of  235,000  gallons. 

The  population  of  the  villages  served  by  this  plant  is  es- 
timated to  be  as  follows : 


In  Summer 

In  Winter 

Quogue  

West  Hampton  

  2.000 

  1.800 

  1.500 

  2.000 

400 
500 
400 
500 

  7,300 

1,800 

The  system  comprises  16  miles  of  mains,  covering  the  set- 
tled portions  of  the  above  villages.  The  maximum  pumpage 
in  summer  is  estimated  to  be  900,000  gallons  and  the  miniinum 
in  winter  as  low  as  20,000  gallons. 

h'irc  service  is  provided  through  doul)le  nozzle  tire  h\(lranls 
124  in  number,  99  of  which  are  in  use.  The  25  hydrants  in 
J^ast  Quogue  are  not  used,  there  l)eing  no  tire  district  estab- 
lished there.  'IMie  private  service  includes  abt)ul  300  consum- 
ers, some  of  whom  have  as  man\-  as  tive  laps  in  the  mains. 
The  ])oj)ulation  serx'ed  is  mostl\-  summer  residents  and  their 
houses  are  closed  during  eiglit  months  of  the  \ear,  so  thai 
the  service  in  the  winter  amounts  to  very  little. 

Ki\  i;k  1 1 

Tbe  water-works  system  in  Iviverhead  was  l)uilt  \)\  C.  A. 
Lockw'ood  (»f  Jamaica  in  IS'^2,  for  the  l\i\erhea(l  Water  Works 
('()m])anv.  The  sujjplv  is  taken  from  (b"i\en  webs,  one  ()  inches 
in  diameter,  305  feel  deep,  and  one  S  inches  in  (banieter, 
225  feet  deep,  and  is  pumped  to  a  wooden  lanl<  at  the  top  of 
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the  "  Tower  "  mill  on  Peconic  avenue.  The  capacity  of  this 
tank  is  rated  at  40,000  gallons.  The  supply  is  pumped  by  a 
250,000-gallon  Knowles  pump  located  in  the  mill,  and  operated 
by  water-power  when  power  is  available,  and  at  other  times  by 
either  or  both  of  the  two  gas  engines  there.  The  water-power 
is  variable,  owing  to  the  tide  backing  up  on  the  wheels.  There 
is  no  regular  force  employed ;  the  pumps  are  run  by  one  of 
the  mill  hands. 

The  population  of  Riverhead  is  estimated  to  be  about  3,000 
at  the  present  time,  and  is  not  subject  to  much  fluctuation  be- 
tween summer  and  winter.  The  distribution  system  comprises 
about  four  miles  of  mains  and  the  private  service  is  about  150 
consumers.  Fire  service  is  provided  through  12  old  Holley 
hydrants  set  on  the  streets,  and  2  Corey  hydrants  for  pri- 
vate use. 

Substitution  of  Local  Supplies  by  Water  from  the 
Proposed  Aqueduct 

The  waters  from  these  local  stations  are  quite  satisfactory 
in  quality,  although  some  of  them  are  higher  in  dissolved  min- 
eral matter  than  is  desirable.  The  supply  from  the  proposed 
Suffolk  County  works  would  be  better  in  c|uality  than  any  of 
these  supplies,  and  would  always  be  more  thoroughly  protected 
from  pollution.  Should  the  proposed  diversion  of  the  Suffolk 
Coimty  ground-waters  to  Xcw  York  City  dc])rivc  any  of  these 
local  works  of  their  present  sources  of  supply,  it  would  not 
be  expensive  to  re-locate  the  present  pumping-stations  on  the 
proposed  line  of  collecting  works  so  that  water  from  the  aque- 
duct would  flow  directly  to  the  pump-wells,  and  be  delivered 
by  the  local  stations  under  pressure  to  the  distribution  sys- 
tems. The  water  could  be  supplied  to  these  towns  at  the  cost 
of  its  development. 

Probable  Future  Coxsumpttox  of  Suffolk  County 

The  consumption  of  the  villages  now  l)eing  served  with  a 
public  water-supply  is  seen  to  be  at  a  maximum,  5.1  million 
gallons  per  day,  and  does  not  average  over  three  million  gal- 
lons daily.  The  consumption  of  water  in  the  districts  served 
by  these  local  water-works  will  increase,  however,  in  the 
future,  and  a  larger  amount  of  water  than  the  above  must  be 
supplied  at  the  end  of,  let  us  say,  50  years. 
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At  i^resent  the  population  within  and  south  of  the  water- 
shed is  about  39,000,  but  this  includes  the  communities  in 
central  Suffolk  county  whose  water-supply  would  in  no  wise 
be  interfered  with  by  the  proposed  collecting  works.  Prob- 
ably not  over  30,000  people  are  resident  w^ithin  the  areas  sup- 
plied by  the  present  local  water-works.  Sheet  150,  Acc.  L  619, 
shows  the  present  and  probable  future  population  of  Suffolk 
county.  It  appears  reasonable  to  estimate  that  in  50  years, 
the  population  within  the  watershed  that  it  would  be  neces- 
sary to  sui)ply,  would  not  exceed  100,000,  and  at  the  largest 
probable  per  capita  consumption,  including  water  for  all  pul)- 
lic,  domestic  and  manufacturing  uses,  this  population  would 
not  consume  over  15  to  20  million  gallons  at  the  end  of  50  years. 
Hiis  amount  of  water  is  insignificant  in  a  total  supply  of 
250  million  gallons  per  day  and  considering  the  conservative 
estimate  of  yield  that  has  been  accepted  for  the  Suft'olk  County 
watersheds,  the  reservation  of  15  or  20  million  gallons  per 
day  should  not  decrease  the  net  supply  that  can  be  delivered 
to  Xew  York  Citv  when  as  large  a  supply  as  this  is  required. 

W'A'ri'R  l-OR  AlAXL'FACTL'RIXCi  Pl'Rl'OSRS 

A  small  amount  of  water  for  various  commercial  purposes 
is  su])p]ied  from  i)rivate  sources  in  Suffolk  county,  and  is  not 
included  in  the  consumption  of  the  public  water- works. 

The  principal  users  of  water  for  industrial  purposes  arc 
as  follows : 

Gallons  per  day 


ratcli(;gue  .Manufacturing  Comi:)any  ;   bleaching  lace 

curtains   '  "   500,000 

RaU'hi  guc  .Manufacturing  ("omp.-iny;  scx'cn  150-11.1'. 

boilers  '   25,000 

Ilxgcia  Ice  C"om])an\'  (6  months).  I'atclioguc   50,000 

I'atchngue  l^lectric  Light  Companx-.  boilers   12.500 

v..  hailey  tS:  Sons  (Lumber),  boilers,  Latchogne .  .  .  .  15,000 

l!allc-tt  l'.rotlicr>.  Hour  mill.  Rivrrhead   15,000 

llygeia  ice  (■om|)an\,  Sa\ \ilK-,  C ".  M.  Rogers  \-  Co..  .  10.000 
Lstimated  for  electric  light  companies  in  south  shore 

towns,  Rati'hogiie,  I '.ayshore  and  r.a])\  lon   50,000 

(  )ther  small  faiMories,  estimated   10.000 


Tot.-d  amount  of  watiT   C)S7,500 


SHEET  150 


560 


APPEXDIX  14 


The  larger  of  the  above  plants  are  briefly  described  as 
follows : 

The  Patchogue  Manufacturing  Co.  has  a  group  of  brick 
buildings,  mostly  erected  during  the  last  12  years,  and  con- 
taining lace  machinery.  The  entire  plant  employs  normally 
about  500  hands.  They  have  ten  150-1  LP.  boilers  of  which 
they  use  seven  only  at  the  present  time  for  24  hours  daily. 
This  plant  uses  the  water  of  the  Patchogue  lake  for  bleaching 
and  boiler  feed.  The  town  supply  is  not  usually  consumed  for 
boiler  purposes,  though  a  connection  exists  for  this  purpose. 
A  photograph  of  the  Patchogue  Manufacturing  Co.'s  plant  is 
shown  on  Plate  23. 

E.  Bailey  &  Sons  have  a  large  brick  mill,  and  do  a  general 
lumber,  planing,  saw'ing  and  turning  business.  The  plant  has 
a  water  front  on  Patchogue  river  and  a  railroad  connection. 
The  mill  is  run  two  125-H.P.  boilers,  working  nine  hours 
daily,  and  uses  about  15,000  gallons  of  water  per  day,  taken 
from  a  6-foot  dug  well,  about  seven  feet  dec]). 

The  Mygeia  Ice  ])lant  of  Patchogue,  owned  l)y  W  elz  and 
Zerweck,  lirewers,  of  Brooklyn,  is  equipped  with  one  60-iI.P. 
boiler  and  runs  six  months  of  the  year.  The  plant  has  a  maxi- 
mum ()uti)ut  of  1(S  tons  of  ice  daily.  The  water  is  taken  from 
an  (S-inch  well  38  feet  deep,  and  city  water  is  only  used  in  case 
of  emergency.  This  ])lant  is  at  the  east  end  of  the  village 
south  of  the  Long  Island  railroad. 

The  II\geia  Ice  Compan\'  of  Sayville  is  owned  l)y  C  M. 
koger>  c\:  (  o..  and  is  located  south  of  the  Long  Island  rail- 
road, one  (luarler  of  a  mile  east  of  the  railroad  station.  This 
])lant  is  being  enlarged  to  a  dail\-  capacity  of  18  tons  of  ice. 
and  will  be  operated  by  the  ])resent  40-n.P.  Atlas  boiler,  and 
a  new  80-11.1*.  ]>oik'r.  Water  is  taken  from  three  2-inch  wells 
on  the  ])roj)ert\,  but  a  connection  exists  with  the  water- works 
ffjr  emergency  use. 

The  ])resent  use  of  water  for  inann  facturing  ])urj)Oses  is 
evident!)  >mall  and  there  is  little  likelihood  of  any  large  in- 
crea>e  in  manufacturing  in  Suffolk  count \'.  There  are  no  ad- 
vantages in  these  towns  to  tempt  .i  maim  fact  urei"  to  locate 
tlu-iH'.  cxrcpt  low  wages  and  ])ossil)ly  freedom  Ironi  lal)or 
troii])les.  Lal)or  is  not  abundant,  howexer,  and  the  towns 
which  are  eni'on raiding  the  eonunnlt'r  and  the  sumnie]'  xisitor 
would  not  sfi'k  lari^i'  industrial  enterprises  and  the  attendant 
faet( )r\-  jx )pulati(jn. 


LOCAL   USES  OF  WATER 


561 


The  water  necessary  for  all  future  industrial  uses  would  be 
supplied  from  the  public  mains,  and  the  per  capita  consump- 
tion here  assumed  for  the  future  population  is  ample  to  cover 
such  uses. 

WATER-POWER 

Water-powers  have  been  developed  in  the  past  on  all  the 
larger  streams  in  Suffolk  county  and  many  are  still  used  to 
run  sawmills,  grist-mills  and  electric  lighting  plants.  ^lany 
of  the  old  water  privileges  doubtless  date  back  to  the  period 
when  large  bounties  were  offered  for  the  establishment  of 
water-powers.  At  the  present  only  8  water  privileges  are 
in  use  among  11,  where  buildings  and  ecjuipment  still  exist. 

Babylon  Whip  Factory  and  Saw-Mif-l 

The  Hendrickson  ice  cream  factory,  together  with  a  small 
sawmill  and  whip  factory,  are  located  on  the  west  side  of 
Sampawams  creek  at  the  outlet  of  Sutton  lake  on  the  easterly 
boundary  of  Babylon  at  the  South  County  road.  The  plant 
is  said  to  be  owned  by  Mr.  C.  S.  Hendrickson. 

The  wdiip  factory  is  a  very  old  building,  and  the  ice  cream 
factory  has  been  built  some  years.  The  water-power  is  utilized 
by  the  sawmill  and  whip  factory,  the  ice  cream  plant  being 
operated  by  a  25-H.P.  steam  engine,  using  town  water  for  the 
boiler. 

Mr.  Ikince  (Chas.  Wood  &  Co.)  leases  the  sawmill  and 
whip  factory,  and  sublets  the  latter  to  D.  C.  Rickett,  who  em- 
ploys five  hands  and  turns  out  1000  whips  per  day. 

D(jx.see's  ]\rii.i..  TSLIP 

A  small  mill  owned  by  ]\Irs.  J.  H.  Doxsee  is  a  part  of  an 
estate  of  30  acres  fronting  on  South  Country  road,  extending 
north  as  far  as  the  railroad.  The  fall  at  the  lower  pond  is 
utilized  on  a  turbine  wheel  for  private  purposes,  sawing  fire 
wood,  thrashing  grain,  and  running  a  grindstone.  There  is 
an  additional  fall  of  three  feet  at  the  small  pond,  1200  feet 
north  of  the  one  described,  which  is  not  used  for  power  pur- 
poses. 

llAWKrxs  Lake  Paper-Mill^  Tsltp 

This  old  mill  has  been  abandoned  for  many  years.  Tt  is 
situated  on  r)ro\voc  creek,  w^est  of  tlie  village  of  Lslip  at  the 
north  side  of  South  Country  road.    Both  the  building  and 
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mills.  The  first  is  run  by  a  small  turbine,  the  latter  by  an 
under-shot  wheel. 

Tower  Grist-^Iill^  Riverhead 

This  is  located  at  the  head  of  tide-water  on  the  Peconic 
river,  and  is  owned  by  Mr.  F.  L.  Griffing.  Two  turbines, 
15  and  40  H.P.,  respectively,  and  an  auxiliary  steam-pump, 
operate  this  mill.  At  high  tide  the  fall  of  this  privilege  is 
small  and  the  mill  is  operated  by  steam-power. 

Hallett  Brothers  Grist-Mill.  Riverhead 

This  is  on  the  lower  dam  at  Riverhead  opposite  the  tower 
mill  above  described.  It  is  operated  by  two  turbines  having  a 
total  capacity  of  50  H.P.  at  maximum  head,  and  supplemented 
by  one  25-H.P.  engine  and  boiler.  Like  the  tower  mill,  the 
fall  is  small  at  high  tide.  Hallett  Brothers  have  another  new 
mill  nearl)y  oi)erate(l  entirelv  by  steam-power. 

Riverhead  Electric  Light  Company 

This  plant  is  located  on  the  upper  dam  about  Ij/l  miles 
above  the  village  of  Riverhead,  and  is  equipped  with  one 
24-inch  and  one  36-inch  Hercules  turbine,  and  one  40-inch 
^McCormick  turbine.    Xo  auxiliary  steam-power  is  required. 

There  is  an  old  woolen  mill  at  this  dam,  which  has  not  been 
running  for  10  years,  since  farmers  in  the  vicinity  have  given 
up  the  raising  of  sheep.  A  full  set  of  machinery,  wliich  is 
still  in  this  mill,  was  formerly  operated  by  an  over-shot  wheel. 

Tiuth  plants  at  this  dam  are  owned  by  the  estate  of  J.  R. 
and  J.  II.  I'crkins. 

In  Ta1)le  44.  are  presented  the  average  flow  of  the  streams 
on  which  power-plants  exist,  the  minimum  monthly  discharge 
of  these  streams,  the  storage  available  in  the  ponds  above, 
the  falls  acting  on  the  wheels,  and  the  probable  amount  of 
power  that  could  be  developed  in  a  10-hour  day.  For  com- 
parison with  the  rated  power  equipment  of  these  plants,  a 
rough  estimate  has  been  made  of  the  reasonable  power  develop- 
ment up  to  the  eighth  driest  month  of  1907. 

The  equipment  of  most  of  these  small  mills  is  made  in 
excess  of  an  economical  develoi)mcnt  for  10-hour  service.  The 
intermittent  character  of  the  work  at  these  small  mills  should, 
however,  be  considered.  A  large  amount  of  power  may.  of 
course,  be  developed  from  pond  storage  for  a  few  hours.  In 
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one  of  these  country  grist-mills,  each  stone  is  run  by  an  inde- 
pendent wheel,  and  seldom  are  they  all  operated  together. 

The  total  equipment  now  in  use  aggregates  about  400  H.P., 
but  the  water  available  at  these  water  privileges  during  the  dry 
summer  months  of  the  year,  which  is  estimated  as  64.5  cubic 
feet  per  second  or  42  million  gallons  per  day,  would  not  develop 
on  these  low  falls  over  100  H.P.  during  a  10-hour  day. 

The  water  available  at  all  the  mills  where  equipment  exists, 
did  not  amount  to  but  80  cubic  feet  per  second  or  52  million 
gallons  per  day  in  the  summer  months  of  1907,  and  this  would 
not  furnish   but  125  H.P.  in  a  10-hour  working  day. 

An  economical  development  of  the  waters  at  the  privileges 
now  being  used  would  not  call  for  a  total  equipment  of  much 
over  220  H.P.  for  a  10-hour  working  day. 

The  replacing  of  this  water-power  would  not  be  a  serious 
item,  should  the  proposed  diversion  of  the  ground-water  in 
Suffolk  county  reduce  the  flow  of  any  of  these  streams  at  the 
above  mills. 

Phf)tographs  of  many  of  these  mills  are  shown  on  Plates 
23  to  30,  inclusive. 


PLATE  19 


B.W.S.  642 


Aniityvilh"  water-works  |)uin|)inK-stati()n  at  Amity villc. 


PLATE  20 


Sunii)wam's  Water  Company  i)urii{)iiiK-.s(ati<)ii  at  Hahylon. 


PLATE  21 


PLATE  22 


PLATE  23 


PLATE  24 


PLATE  25 


V 


PLATE  26 


PLATE  27 


PLATE  28 


PLATE  29 


PLATE  3C 
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MAIXTEXA\X^E  OF  SURFACE  PONDS 

BV  WALTER  E.  SPEAR,  DIVISION  ENGINEER 

The  many  fresh-water  ponds  in  southern  Suffolk  county 
form  one  of  the  most  attractive  features  of  the  villages  and 
estates  along  the  south  shore,  and  it  is  recognized  that  no 
payment  could  be  made  that  would  properly  compensate  their 
owners  for  the  diversion  of  their  waters,  should  the  collection 
of  the  proposed  ground-water  supply  seriously  lower  the  sur- 
faces of  these  ponds  and  deprive  the  owners  of  their  enjoy- 
ment. It  is  proposed,  therefore,  in  the  operation  of  the  Suf- 
folk County  works,  that  these  ponds  shall  be  maintained  in 
their  original  volume  and  purity.  There  are  several  ways  of 
doing  this. 

Where  the  ponds  are  near  the  proposed  collecting  works, 
sufficient  water  might  be  diverted  from  the  main  aqueduct 
into  them  to  maintain  their  surfaces  at,  or  but  little  below, 
the  spillway  level.  The  only  loss  of  water  resulting  from 
this  diversion  would  be  the  seepage  through  the  down-stream 
portion  of  the  ponds  when  these  are  on  the  seaward  side  of 
the  proposed  collecting  works.  The  remainder  of  the  water 
delivered  to  these  bodies  of  water  and  not  lost  by  evaporation 
would  naturally  return  through  the  earth  to  the  collecting 
works.  Water  delivered  to  ponds  on  the  up-stream  side  of  the 
collecting  works  would  all  return,  with  the  exception  of  the 
evaporation  losses. 

Many  small  ponds  along  the  south  shore  are  so  far  from 
the  line  of  the  proposed  works  that  their  levels  would  read- 
ily be  maintained  ])y  ilic  ground-water  seepage  from  tlicir 
immediate  watersheds,  without  the  flow  from  the  upland 
catchment  area.  Others,  however,  at  some  distance  from  the 
collecting  works,  are  now  held  by  high  embankments  at  an 
elevation  somewhat  above  the  normal  ground-water  surface 
by  the  flow  in  the  tributary  surface  streams.  In  many  of 
these  ponds,  the  beds  could  perhaps  be  dredged  out  and  their 
water  surfaces  maintained  at  a  somewhat  lower  level.  The 
sj)illways  would,  of  course,  be  lowered,  and  the  original  area 
of  water  surfaces  with  clean  gravel  slopes  retained.  Such 
I)onds,  when  lowered  a  few  feet,  would  be  maintained  for 
the  most  part  by  the  surface  run-off  and  seepage  from  their 
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local  catchment  areas.  There  would  be  ample  opportunity 
to  dispose  of  the  material  dredged  from  these  ponds  in  the 
low  ground  and  stagnant  pools  of  the  swamps  and  marshes 
nearby  to  the  advantage  of  the  entire  countryside. 

If  it  were  not  practicable,  however,  to  lower  the  level  of 
some  of  these  ponds,  they  could  be  maintained  by  one  or  two 
wells,  and  a  small  pumping-plant  operated  like  the  remainder 
of  the  system  from  the  central  power-station.  These  wells 
would  be  located  a  short  distance  upstream  from  the  heads 
of  these  ponds,  and  sufficient  water  to  keep  up  their  levels 
could  be  drawn  from  the  ground  on  a  lower  lift  and  at  less 
expense  than  the  same  amount  of  water  supplied  from  the 
aqueduct.  Alost  of  the  water  delivered  from  these  wells 
would  be  drawn  back  through  the  bottom  of  the  pond  and 
a  continuous  circulation  could  be  obtained  that  would  keep 
the  waters  of  these  ponds  clean  and  wholesome. 

Experiments  at  ]^Iassapeoua 

Under  the  terms  of  the  purchase  of  the  ]\Iassapequa  lake, 
which  is  the  pond  below  the  Massapequa  driven-well  station 
and  gallery  in  eastern  Nassau  county,  the  Department  of 
Water  Supply  is  obliged  to  maintain  this  pond  at  an  elevation 
near  the  spillway  level.  To  effect  this,  water  from  ]^Iassa- 
pequa  stream  is  allowed  to  flow  from  the  supply  pond  north 
of  the  works  into  this  lake  in  sufficient  quantity  to  make  up 
for  the  seepage  through  the  bottom. 

The  relation  between  Massapequa  lake  and  the  ground- 
water collecting  works  at  Massapecjua  is  shown  on  Sheet  151, 
Acc.  L  644.  The  water  that  was  allowed  to  esca])e  from  the 
supply  pond  to  maintain  the  level  in  the  lower  lake  was  meas- 
ured last  year  by  two  weirs,  which  were  constructed  in  the 
stream  by  the  Board  of  \\'ater  Sui)ply.  and  which  are  shown 
on  Sheet  151,  Acc.  L  644.  W'Iumi  no  water  escaped  from  llie 
spillway  of  Massapequa  lake,  these  weirs  gave  a  measure  of 
the  amount  of  seej^age  both  tin-ough  the  stream  bed  and 
tlu-ongh  the  l)ollom  of  tlie  lake.  The  ground-water  contours 
indicate  some  loss  through  and  around  the  dam  at  the  lower 
end  of  tlie  lake  and  a  general  movement  of  the  ground-water 
toward  tlie  driven-well  station  and  the  infiltration  gallery. 

The  weirs,  test-wells  and  pits,  that  were  put  in  to  deter- 
mine the  ground-water  elevations,  were  not  completed  until 
the  first  of  December,  and  tlu-  e.\i)eriments  were  carried  on 
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but  a  few  weeks  before  freezing  weather  and  heavy  rains  set 
in,  and  all  diversions  to  the  lake  were  discontinued.  The  ob- 
servations were  consequently  somewhat  meagre,  and  it  would 
be  desirable  to  continue  this  work  during  the  present  year. 
The  results  now  available,  however,  give  some  idea  of  the 
amount  of  seepage  that  would  take  place  through  the  bottoms 
of  other  Long  Island  ponds  when  the  ground-water  table  is 
lowered  about  them.  These  results  are  presented  in  Table  45, 
with  the  rainfall  and  the  pumpage  at  the  Alassapequa  works. 
The  driven-well  station  was  started  up  on  November  29,  after 
a  shut  down  of  nine  days.  The  gallery  was  pumped  constantly 
through  November,  at  an  average  rate  of  8.9  million  gallons 
daily. 

It  is  evident,  for  one  thing,  that  the  losses  through  the  bed 
of  the  stream  between  the  weirs  were  much  larger  than  those 
through  the  bottom  of  the  lake.  The  movement  of  water  in 
the  stream  prevents  the  accumulation  of  humus  that  has  cov- 
ered the  bottom  of  this  lake  with  a  fairly  tight  layer  of  black 
muck.  The  measured  loss  through  the  bottom  of  the  lake, 
correcting  for  evaporation  from  the  lake  surface,  was  on  one 
day  as  high  as  9,000  gallons  per  day  per  acre,  although  both 
wells  and  gallery  were  shut  down.  The  loss  was  ordinarily 
from  5,000  to  6,000  gallons  per  day  per  acre,  but  to  be  on  the 
safe  side,  it  would  seem  reasonable  to  estimate  upon  an 
average  loss  of  10,000  ^gallons  per  day  per  acre  from  ^lassa- 
pequa  lake  to  cover  larger  losses  during  dry  summer  months. 

The  seepage  through  the  bottom  of  the  stream  between  the 
two  weirs  averaged  from  40,000  to  1,920,000  gallons  per  acre 
per  day.  The  maximum  occurred  on  December  15,  on  starting 
up  the  (Irivcn-wcll  station  after  being  shut  down  four  days. 
This  interval  gave  the  ground-water  beneath  the  stream  an 
opportunity  to  recover  and,  on  starting  up,  the  >and  below  the 
stream  bed  was  doubtless  saturated,  and  the  sec])age  to  the 
wells  was  then  a  maximum.  As  the  ground-water  surface 
was  lowered  in  the  following  days,  the  percentage  of  satura- 
tirm  in  the  sands  bcnealli  the  stream  bed  became  constantly 
less  and  the  downward  flow  naturally  decreased.  The  average 
seepage  through  the  stream  bed,  for  the  entire  period  of  ob- 
servation was  sometliing  over  300.000  gallons  per  acre  per 
day,  or  five  or  six  times  that  through  the  bed  of  the  lake. 

♦Subsequent  observations  at  Massapequa  lake  in  October,  1908.  after  several  months 
of  dry  weather  showed  the  total  loss  to  amount  to  1.3,000  gallons  per  day  per  acre, 
of  which  it  was  estimated  that  3, GOO  gallons  per  day  were  lost  by  evaporation  and 
9,400  gallons  per  day  per  acre  by  percolation  through  the  bottom  of  the  lake. 
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The  results  show  that  about  as  much  water  was  lost 
through  the  small  surface  of  the  bed  of  the  stream  as  through 
the  larger  lake  bed,  and  this  suggests  that  some  water  might 
have  been  saved  by  delivering  the  water  to  the  lake  from  the 
supply  pond  through  a  line  of  vitrified  pipe,  and  thus  prevent- 
ing the  seepage  through  the  stream  bed. 

Possible  Seepage  from  Suffolk  County  Poxds 

The  ponds  in  Suffolk  county  are  much  the  same  as  ]\Iassa- 
pequa  lake ;  they  are  similarly  situated  and  their  bottoms  are 
covered  with  a  bed  of  black  muck  that  would  make  them 
equally  tight.  These  ponds  which,  like  ^lassapequa  lake,  are 
near  the  proposed  collecting  works,  might  require  as  much  as 
10,000  gallons  per  day  per  acre  to  keep  their  waters  at  the 
hight  of  their  spillways.  ^lany  of  the  ponds  are,  however, 
as  much  as  a  mile  or  more  from  the  proposed  collecting 
works,  and  it  is  unlikely  that  more  than  5,000  gallons  per  day 
per  acre  would  be  lost  from  them,  even  at  their  present  levels. 

In  Table  46  all  the  Suffolk  County  ponds  along  the  south 
shore  that  might  possibly  be  lowered  by  the  proposed  collect- 
ing works  are  tabulated  with  their  areas  and  distances  from  the 
works.  Judging  from  the  experience  at  Massapequa,  the 
volumes  corresponding  to  the  seepage  at  Alassapequa  lake  need 
not  be  supplied  during  many  of  the  winter  and  spring  months 
wlien  the  shallow  ground-waters  about  them  arc  high,  as  a 
result  of  the  winter  rains,  and  there  is  an  ample  tlow  in  the 
streams.  Probably,  on  the  average,  these  pond  levels  would 
need  to  be  maintained  artificially  during  the  dry  weather  of 
about  8  to  10  months  of  the  year.  When  heavy  rains  occur, 
even  in  the  summer  months,  the  surface  run-off  from  the 
immediate  watershed  would  often  be  sufficient  for  the  purpose. 
It  is  estimated  that  only  about  3  million  gallons  per  day  would 
be  required  in  the  driest  months,  and  ample  allowance  has  been 
made  in  the  estimates  of  pumpine:  to  provide  this  amount  of 
water,  although  not  as  much  as  this  would  be  required  if  the 
levels  of  these  ponds  were  lowered. 

Maixtexaxce  of  Poxds 

The  adjustment  of  the  i)onds  to  meet  lower  ground- water 
levels,  and  the  location  and  design  of  small  local  pumping- 
stations  that  it  might  be  desirable  to  build  near  these  ponds 
to  keep  up  a  circulation  through  them,  could  best  be  made 
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TABLE  46 

Areas,  Elevations  and  Distances  of  Suffolk  County 
Ponds  on  Which  Board  Estimates  of  Probable 
Supply  to  Maintain  Their  Levels 


Pond 


Approximate  Elevation 
Area  in      of  Surface 
Acres  Feet 


Distance 
From  Line 
OF  Proposed 
Collecting 
Works 
Feet 


Amityville  creek  

Gilmore's  pond  (Santapogue)  

Southard's  pond  (Carll's)  

Argyle  lake  (Carll's)  

Sutton's  pond  (Sampawam's)  

Wagstaff  (Willetts  creek)  

John  Moby  creek  

Laurence  creek  

Penataquit  

Orowoc  

Doxsee  pond  

Champlin  

Cutting's  

South  Shore  Sportsmen's  Club  ponds 

West  branch,  upper  

West  branch,  lower  

East  branch  

Roosevelts 

West  branch.  Browns  creek.  .    .  . 

East  branch.  Browns  creek  

West  lake  (Tuthill  creek)  

Patchogue  lake  

Swan  River  pond  

Mud  creek,  Robinson's  pond  

Suffolk  club  (Carmans  river)  , 

Forge  River  ponds  

Terrell's  river  

Long  Island  Club,  Seatuck  creek.  .  .  . 

East  branch,  Seatuck  creek  

Speonk  river  

Beaverdam  creek  

Quantuck  creek  

Total  


10.1 

9.1 

S 

4,400 

9.7 

3.4 

S 

6,200 

25.3 

16.1 

S 

0 

22.7 

6.0 

S 

4,800 

17.2 

7.0 

S 

5,200 

8.1 

4.5 

S 

7.000 

7.3 

9.8 

S 

4.300 

5.0 

11.3 

S 

4.500 

11.6 

9.0 

S 

3,800 

4.7 

5.7 

S 

O.OCO 

22.3 

7.2 

S 

6,000 

21.8 

10.3 

S 

4.800 

13.2 

8.1 

S 

600 

14.3 

7.7 

S 

0 

3.7 

2.0 

S 

700 

14.3 

7.0 

S 

0 

1().(> 

(>.5 

S 

1.700 

9.2 

7.4 

S 

2.700 

13.S 

9.1 

s 

2,000 

51.2 

10.7 

s 

0 

25.8 

10.6 

s 

1.500 

11.5 

(i.O 

s 

2,800 

10.0 

7.() 

N 

500 

12.2 

8.5 

s 

1 ,000 

15.2 

9.3 

s 

1,800 

32.8 

9.2 

s 

1 ,000 

(i.3 

9.1 

s 

2,000 

G.3 

6.4 

s 

4,000 

14.7 

7. 1 

s 

2,400 

12.8 

3.0 

s 

4,300 

329.6 

I 
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after  coming  to  an  understanding  with  the  owners.  A  liberal 
estimate  has,  however,  been  made  to  cover  such  work  as 
follows : 


Estimated  cost  of 
changing  pond  levels, 


Stage  of  and  establishing  local 

construction  pumping-plants 


Preliminary    $165,000 

1   200,000 

2   300,000 

3   475,000 

4   515,000 
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APPEXDIX  16 

LEGAL  DECISIONS  OX  DIX'ERSIOXS  OF  SURFACE 
AND  GROUND-WATERS  AND  THE  A^IOUNT 
OF  AWARDS 

BY   WALTER   E.   SPEAR,  DIVISION  ENGINEER 

The  operation  of  the  Ridgewood  system  of  the  Brooklyn 
Water  Works  in  Nassau  and  Queens  counties,  has,  in  some 
measure,  decreased  the  flow  of  the  surface  streams  and  de- 
pressed the  water-table  in  the  vicinity  of  the  collecting  works, 
and  some  large  awards  for  consequential  damages  have  been 
paid  by  The  City  during  the  last  10  years.  The  amount  of 
these  awards  has,  however,  been  much  exaggerated.  Because 
of  some  misgivings  that  have  been  expressed  regarding  the 
probable  amount  of  water  damages  that  might  result  from  the 
construction  of  the  proposed  Suffolk  County  works,  it  has 
appeared  to  be  worth  while  to  outline  briefly  the  laws  regard- 
ing the  diversion  of  surface  and  underground  waters,  and, 
more  particularly,  to  show  the  number  of  actions  that  have 
been  brought  against  The  City  in  Nassau  and  Queens  counties, 
and  the  total  amount  of  the  awards. 

DI\  P:RSI0X  OF  SL'R1v\CF-WATER 

Outside  of  the  lands  originally  a  part  of  the  public  domain, 
the  owner  of  the  land  in  this  count v  has,  under  the  ctMumon 
law,  a  right  in  the  surface-water  that  naturally  flows  through 
it.  The  owner  may  not,  however,  divert  this  water  from  its 
natural  channels  through  the  lands  below  his  property,  and, 
in  most  states,  he  cannot  pollute  the  stream  and  render  its 
waters  unfit  for  the  u.ses  of  other  riparian  owners  below  him. 

i)i\b:i<si().\  oi'  suirn-.KKAxi-.Ax  wati-:rs 

Wlien  water  moves  beneath  the  surface  of  the  ground  in 
well-defined  channels,  the  laws  regarding  the  diversion  of 
ground-waters  have  been  the  same  as  those  relating  to  surface 
streams;  that  is,  such  underground  waters  cannot  be  used  or 
diverted  by  tlie  owner  of  the  land  through  which  they  ])ass. 
The  natural  flow  of  the  water  to  the  lands  below,  must  not  be 
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interrupted,  although  the  owner  may  make  such  reasonable  and 
necessary  uses  of  the  water  as  will  not  interfere  with  similar 
uses  by  others. 

If,  however,  ground-water  is  moving  in  unknown  channels 
through  the  pore  spaces  of  the  earth,  or  is  being  stored  with- 
out motion  in  an  underground  reservoir,  it  was  formerly  held 
that  the  owner  of  the  land  could  appropriate  all  of  these  waters 
for  his  own  use.  The  Court  ruled  in  an  important  Xew  York 
case,  Ellis  vs.  Duncan  et  al.,  21  Barbour  (N.  Y.),  230: 

"  The  question  involved  in  this  controversy,  whether  the 
owner  of  a  farm  may  dig  a  ditch  to  drain  his  land,  or  open 
and  work  a  quarry  upon  it,  when  by  doing  so  he  intercepts  one 
of  the  underground  sources  of  a  spring  on  his  neighbors' 
lands.  ...  In  the  interruption  of  a  surface  current,  the 
injury  from  a  diminution  of  the  water  would  seem  to  be  pal- 
pable, and  so  far  direct  that  it  would  originate  a  valid  cause 
of  action.  .  .  .  But  it  is  different  when  the  principal  stream 
is  jjartially  sup])lied  by  underground  currents.  The  owners 
of  the  surface  soil  are  not  generally  aware  of  their  existence 
and  cannot  be  supposed  to  have  voluntarily  acquiesced  in  any 
appropriation  of  them.  When  they  purchase  they  are  ignorant 
of  any  obstacle  to  the  free  use  of  their  property  ah  center  ad 
coclum  and  to  arrest  some  valuable  improvement,  such  as  dig- 
ging a  well  or  cellar,  draining  the  land,  taking  valuable  stones 
from  a  quarry,  or  leveling  the  ground  for  building  or  agricul- 
tural purposes,  because  it  would  cause  some  consequential,  un- 
foreseen, and  possible  irrcmcdial)le  damage  to  another,  would 
seem  to  l)e  unreasonable  and  unjust." 

Recent  decisions  have,  however,  limited  the  use  of  percolat- 
ing waters. 

Actions  Against  The  City  of  New  York  for  Damages  to 

Lands 

Tlie  first  suit  brought  against  The  City  on  account  of  the 
oj)eration  of  the  driven-well  stations,  appears  to  have  been 
tliat  of  \'an  Wycklen  vs.  the  City  of  Brooklyn,  which  was  tried 
in  1886.  The  plaintifif  owned  a  grist-mill  near  the  outlet  of 
Spring  creek  into  Jamaica  bay,  below  the  city's  works,  and 
ohtained  power  from  both  the  tidal  flow  and  tlie  waters  of  the 
creek.  It  was  proven  that  water  had  been  abstracted  from 
the  stream  by  the  Spring  Creek  pumping-station,  and  the  court 
held  tliat  this  was  a  sufficient  cause  of  action  against  the  city. 
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This  case  did  not  involve  the  question  of  ground-water  diver- 
sion. 

In  1898,  an  important  case,  that  of  Smith  vs.  the  City  of 
Brooklyn,  18  (X.  Y.),  App.  Div.  340,  created  a  new  and  im- 
portant precedent  regarding  the  diversion  of  ground-waters. 
Smith  was  the  owner  of  land  under  a  small  stream  tributary 
to  Freeport  creek,  and  a  pond  in  the  village  of  Freeport  formed 
by  damming  this  stream.  Both  were  alleged  to  have  disap- 
]3eared  through  the  lowering  of  the  ground-water  surface  in 
their  vicinity  by  the  operation  of  the  Agawam  driven-well  sta- 
tion about  2000  feet  east  of  the  pond.  The  court  reviewed 
the  English  and  American  decisions,  and  affirmed  that  the  City 
of  Brooklyn  was  liable  for  damages  because  of  the  ground- 
water diversion.  The  decision  was  upheld  in  the  higher  court, 
160  fX".  Y.),  357,  but  the  reasons  stated  there,  were  that  the 
cit\'  had  caused  the  diversion  of  a  stream,  and  no  modification 
was  really  made  in  the  original  laws  regarding  the  appropria- 
tion of  ground-water. 

"  That  the  diversion  and  diminution  of  the  stream  were 
caused  by  arresting  and  collecting  the  underground  waters, 
which,  percolating  through  the  earth,  fed  the  stream,  does  not 
afifect  the  question.  When  the  fact  was  established  upon  the 
proofs  that  the  defendant's  w^orks  and  wells  had  caused,  by 
this  subsidence  of  waters,  a  diversion  of  the  stream's  natural 
flow  in  its  channel  the  injury  was  proved  and  the  plaintiff's 
cause  for  action  established.  Whatever  may  be  the  rule  with 
respect  to  the  right  of  a  landowner  to  use,  for  any  of  his 
purposes,  the  waters  percolating  through  the  earth,  and, 
thereby,  to  afifect  the  sources  of  wells  or  springs  upon  his  neigh- 
bor's land,  the  question  is  not  one  which  is  suggested  by  the 
present  case.  Tt  is  one  thing  to  divert  and  diminish  the  natural 
flow  of  a  surface  stream,  by  preventing  its  usual  and  natural 
su])ply,  or  by  causing,  througli  suction  or  other  methods,  a 
su])si(lcncc  of  its  water;  it  may  l)e  an(^ther  thing  to  collect  and 
use  tlie  waters  whicli  i)ercohite  througli  tlie  eartli  in  under- 
ground ways  and  channels  without  having  connection  with 
the  supply  of  a  surface  stream.  The  latter  (juestion  does  not 
demand  an  answer  upon  the  case  before  us." 

A  subse(|uent  case  in  the  same  year  near  the  Spring  Creek 
station.  l'orl)ell  vs.  The  City  of  New  York,  164  (N.  Y.),  522, 
wln'ch  involved  onlv  the  (|uestion  of  ground-water  diversion, 
was  decided  against  'Hie  City  by  tlie  Appellate  Court  on  the 
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grounds  that  the  collection  of  water  from  very  permeable  strata 
and  the  selling  of  water  so  obtained,  was  unlawful,  although 
no  surface  water  was  diverted  or  diminished.  It  was  held  in 
this  decision : 

"  The  defendant  makes  merchandise  of  the  large  quanti- 
ties of  water  which  it  draws  from  the  wells  that  it  has  sunk 
upon  its  two  acres  of  land.  The  plaintiff  does  not  complain 
that  any  surface  stream  or  pond  or  body  of  water  upon  his 
own  land  is  affected  thereby,  but  does  complain  and  in  courts 
below  have  found  that  the  defendant  exhausts  his  land  of  its 
accustomed  and  natural  supply  of  underground  or  subsurface 
water,  and  thus  prevents  him  from  growing  upon  it  the  crops 
to  which  the  land  was  and  is  peculiarly  adapted,  or  destroys 
such  crops  after  they  are  growm  or  partly  grown." 

"  The  defendant  does  not  take  from  his  own  land  simply 
its  natural  or  accustomed  supply  or  holding,  but  by  means  of 
its  appliances  and  operations  it  takes  and  appropriates  a  large 
part  of  the  natural  and  accustomed  supply  or  holding  of  the 
plaintiff's  land.  The  case  is  not  one  in  which,  because  the 
percolation  and  course  of  the  subsurface  waters  are  unobserv- 
able  from  the  surface  they  are  unknown,  and  thus  so  far  specu- 
lative and  conjectural  as  to  l)e  incapable  of  proof  or  judicial 
ascertainment." 

"  Before  the  defendant  constructed  its  wells  and  pumping- 
stations,  it  ascertained,  at  least  to  a  business  certainty,  that 
such  was  the  percolation  and  underground  flow  or  situation 
of  the  water  in  its  own  and  plaintiff's  land  that  it  could  by 
these  wells  and  appliances  cause  or  compel  the  water  in  the 
plaintiff's  land  to  flow  into  its  own  wells,  and  thus  could  de- 
prive the  plaintiff  of  his  natural  supply  of  underground  wa- 
ter.   .  . 

"  Tn  the  cases  in  which  the  lawfulness  of  interference  witli 
percolating  waters  has  been  upheld,  either  the  reasonableness 
of  the  acts  resulting  in  the  interference,  or  the  unreasonable- 
ness of  imposing  an  unnecessary  restriction  upon  the  owner's 
dominion  of  his  own  land,  has  been  recognized." 

"  In  the  absence  of  contract  or  enactment,  whatever  it  is 
reasonable  for  the  owner  to  do  with  his  subsurface  water,  re- 
gard being  had  to  the  definite  right  of  others,  he  may  do.  He 
may  make  the  most  of  it  that  he  reasonably  can.  It  is  not  un- 
reasonable, so  far  as  it  is  now  apparent  to  us,  that  lie  should 
dig  wells  and  take  therefrom  all  the  water  tliat  he  needs  in 
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order  to  gain  the  fullest  enjoyment  and  usefulness  of  his  land 
as  land,  either  for  purpose  of  pleasure,  abode,  productiveness 
of  soil,  trade,  manufacture,  or  for  whatever  else  the  land 
as  land  may  serve.  He  may  consume  it,  but  must  not  dis- 
charge it  to  the  injury  of  others.  But  to  fit  it  up  with  wells 
and  pumps  of  such  pervasive  and  potential  reach  that  from 
their  base  the  defendant  can  tap  the  water  stored  in  the  plain- 
tiff's land,  and  in  all  the  region  thereabout,  and  lead  it  to  his 
own  land,  and  by  merchandising  it  prevent  its  return,  is,  how- 
ever reasonable  it  may  appear  to  the  defendant  and  its  custom- 
ers, unreasonable  as  to  the  plaintiff  and  the  others  whose  lands 
are  thus  clandestinely  sapped,  and  their  value  impaired." 

Under  this  decision  The  City  was  made  the  technical  tres- 
passer on  all  lands  wdiere  the  water-level  was  lowered,  and 
the  owner  of  the  property  could  recover  for  any  damages  that 
might  be  proved  to  have  been  caused  by  such  lowering.  A  rule 
was  laid  down  later  that  the  damages  should  be  fixed  by  the 
reduction  in  fee  and  rental  or  the  usable  value  of  the  land. 
Loss  of  profits  could  not  be  included  as  such,  but  testimony 
as  to  profits  was  admissible  for  the  purpose  of  showing  to  what 
extent  the  usable  value  of  the  property  had  been  diminished. 

In  addition  to  the  action  for  damages  to  land  due  to  diver- 
sion of  surface  and  ground-waters  in  Nassau  and  Queens 
counties,  claims  have  also  been  made  for  damages  to  tidal 
streams  through  the  diversion  of  the  waters  of  the  entering 
streams.  Under  an  act  of  the  Legislature,  The  City  of  New 
York  paid  to  the  town  of  Hempstead  $50,000,  to  cover  all 
present  and  future  claims  for  damages  that  might  be  caused 
to  the  tidal  waters  of  that  town  by  the  diversion  of  the  sur- 
face streams.  vSuits  were  also  instituted  1)y  oystermen  in  Nas- 
sau countv  wlio  claimed  that  their  ])usiness  was  injured  by 
the  diversion  of  tlie  fresli  water  from  the  tidal  streams.  These 
cases  were,  however,  successfully  defended  by  The  City  on 
the  grounds  that  the  claimants  had  no  title  to  the  land  under 
tlie  navigaljle  streams,  and  tliei-efoi-e  tlieir  actions  could  not  lie. 

()tiier  l)i:(  isio.\s 

In  the  earlier  suits,  in)iinctions  lia\e  been  asked  to  restrain 
'I^he  City  from  operating  their  stations,  but  the  courts  have 
refused  such  relief,  unless  The  Cit\-  failed  to  make  ])ermanent 
.settlement  for  damages  caused  1)\  the  lowering  of  the  ground- 
water surface. 
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In  a  case  of  two  water  companies  engaged  in  the  sale  of 
water,  it  was  decided  that  neither  had  cause  for  action  against 
the  other,  as  both  were  abstracting  water  from  the  ground 
and  selling  it. 

The  courts  have  also  ruled  that  where  property  was  dis- 
posed of  subsequent  to  the  establishment  and  operation  of  the 
ground-water  collecting  works,  no  recovery  could  be  made, 
as  the  reduction  in  fee  and  rental  value  had  been  considered 
in  the  price  at  which  the  property  was  sold  or  rented.  In 
several  states,  it  has  also  been  decided  that  underground  waters 
may  not  be  polluted  by  industrial  refuse  or  by  drainage  from 
privy  vaults  or  cesspools  or  by  salt  water. 

ACTIOXS  DUE  TO  OPERATIOX  OF  RIDGEWOOD 

SYSTE.AI 

The  decisions  of  1898  (Smith  and  Forbell  vs.  City  of  New 
York)  opened  the  way  for  the  filing  of  a  large  number  of 
claims  which  are  shown  in  chronological  order  in  the  follow- 
ing table : 

ACTION'S  BR0U(;HT  AGAINST  THE  CITY  OF  BROOKLYN,  AND  THE  CITY 
OF  NEW  YORK  AS  ITS  SUCCESSOR.  FOR  DAMAGES  DUE  TO 
THE  DIVERSION  OF  WATER  BY  THE  OPERATION  OF 
GROUND-WATER  STATIONS,  ARRANGED  IN 
CHRONOLOGICAL  ORDER 


Date  of 

Filing 

Number  of 

Amount 

Summons  and 

Complaint 

Suits  Instituted 

Claimed 

Prior  to  1898  

.  .  1 

$30,000 

1898  

.  15 

125.000 

1899  

  12 

144,400 

1900  

  20 

357.000 

1901  

  48 

463,811 

1902  

  6 

66,000 

1903  

  7 

202,200 

1904  

1905  

  11 

40.750 

1906  

  11 

62,900 

1907  

  2 

10,000 

Total  

  133 

$1,508,061 

Amount 

OF  Claims 

So  far  as  possible  all  suits  brought  against  The  City  and 
the  disposition  of  the  cases,  have  been  compiled,  but  some 
difficulty  has  been  experienced  in  obtaining  the  necessary  data, 
and  possibly  a  few  have  been  overlooked.  These  cases  have 
not  only  been  handled  in  the  branch  offices  in  Brooklyn  and 
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Queens  boroughs,  but  many  have  been  tried  by  the  main  office 
of  the  Law  Department  in  ^Manhattan. 

The  amounts  of  these  claims  aggregate  about  $1,500,000, 
but  the  awards  have  been  comparatively  small. 

Amount  of  Damages  Awarded 

The  amount  of  damages  awarded  to  plaintiffs  in  actions 
against  The  City  for  trespass  by  lowering  the  ground-water 
level,  or  abstracting  water  from  streams,  has  varied  within 
comparatively  wide  limits.  The  amounts  of  the  awards  have 
been  influenced  by  the  location  of  the  property  in  reference  to 
the  pumping-station,  by  the  relative  elevation  of  the  water- 
table,  by  the  data  available  to  The  City  for  defence,  by  the 
way  in  which  the  case  was  presented,  and  by  the  judge  before 
whom  the  case  was  tried.  From  about  1902  to  1906,  the  ma- 
jority of  the  cases  were  settled  without  formal  trial,  and  the 
awards  made  during  this  period  were  in  excess  of  those  of  pre- 
vious years. 

In  Table  47,  the  cases  against  The  City  have  been  grouped 
under  the  stations  which  it  was  claimed  caused  the  damage, 
and  the  amount  of  damages  claimed  and  amounts  finally 
awarded  are  given.  It  will  be  seen  that  the  greatest  number 
of  cases  have  been  brought  by  land  owners  about  the  Spring 
Creek  driven-well  station,  and  by  far  the  largest  damages  have 
been  paid  there.  Spring  Creek  station  is,  however,  surrounded 
by  large  areas  of  low  land,  lying  just  above  the  water-level  in 
the  sand,  and  these  lands  are  devoted  to  truck  farming.  The 
City  owns  l)ut  a  narrow  strip  of  land  at  this  ])oint,  and  many 
of  these  small  farms  are  not  far  from  the  wells  of  the  station. 
The  awards  thus  far  made  at  Spring  creek  have  amounted  to 
$116,000,  and  cover  a  distance  of  6500  feet  along  ilie  conduit 
line.  The  probable  additional  awards  to  be  made  at  this  sta- 
tion in  suits  instituted  but  not  yet  disposed  of,  would  increase 
tlie  damages  at  Spring  creek  bv  $400,  on  the  basis  of  the 
awards  made  to  date,  and  to  this  must  be  added  the  cost  to 
The  City  for  defending  the  suits,  which  would  average  al)out 
$1,000  for  each  case,  or  $47,000.  The  cost  per  mile  on  this 
basis  would,  therefore,  be  $133,000.  This  represents,  prob- 
al)l\  .  the  maximum  cost  per  mile  of  works  for  damages,  and 
is  not  a  fair  basis  on  which  to  estimate  c<r^t  in  other  localities 
where  the  ground  is  higher  relative  to  the  water-table.  Owners 
of  property  near  driven-well  stations  on  high  ground  have 
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not  been  able  to  prove  any  great  amount  of  damage  and  the 
awards  have  consequently  been  small.  The  amount  of  damages 
thus  far  recovered  has  been  26  per  cent,  of  the  amounts 
claimed.  The  payments  made  for  damages  have  usually  in- 
cluded awards  for  both  fee  and  rental  depreciation  of  the 
property  and  new  suits  cannot,  therefore,  be  brought  on  the 
same  property. 

To  determine  the  average  cost  to  The  City  for  damages 
due  to  diversion  of  underground  waters,  the  total  amount  of 
the  awards  already  made,  the  cost  of  defending  the  suits,  and 
the  probable  awards  to  be  made  in  cases  which  are  now  pend- 
ing, should  be  included.  The  total  cost  of  the  suits  may  be 
estimated  as  follows : 


Awards  made   $201,500 

Town  of  Hempstead   50,000 

Estimated  awards  in  pending  cases   80,000 

Cost  of  defense  in  past  and  pending  cases   100,000 


Total   $431,500 


This  amount  covers  suits  brought  on  account  of  13  stations. 
The  damages  due  to  .  diversion  of  water  may  be  estimated  to 
cover  13  miles  of  watershed,  and  the  cost  per  mile  of  water- 
shed measured  along  the  conduit  line  may  be  approximately 
estimated  at  $30,000.  If  the  Spring  Creek  cases  be  eliminated, 
the  cost  per  mile  would  be  reduced  to  approximately  only 
$25,000. 

If  the  awards  for  damage  amounted  to  even  $50,000  per 
mile  it  would  not  be  an  extravagant  charge  on  the  works. 
This  would  correspond  to  a  total  cost  of  $650,000  for  all  suits 
and  the  interest  and  sinking  fund  charges  estimated  at  five 
per  cent,  per  annum  would  be  v$32,500.  During  the  last  two 
}ears  an  average  su])])ly  of  70  million  gallons  per  day  of 
ground-water  has  l)een  secured  from  the  Ividgcwood  system, 
which  would  amount  to  25,550  million  gallons  per  year.  The 
cost  of  damage  suits  for  each  million  gallons  of  water  su])plied 
would  be  ()nly  $1.27,  which  is  insignificant  compared  to  the 
total  present  cost  of  the  whole  Ridgewood  supply,  which  is 
estimated  at  $63  per  million  gallons  delivered  to  the  consumer. 

The  cost  of  the  suits  thus  far  instituted,  $431,500,  would 
make  tlie  cliarge  ])er  million  gallons  only  v$0.S5. 
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In  the  cases  against  The  City  in  Nassau  and  Queens  coun- 
ties, the  plaintiffs  have  frequently  made  extravagant  claims 
as  to  the  depth  of  the  lowering  of  the  water-table.  The  City 
has  been  handicapped  by  the  lack  of  continuous  records  of 
water-level  in  test-wells  within  the  territory  affected,  and  it 
has  therefore  been  necessary  to  introduce  testimony  as  to  the 
probable  normal  water-level  under  the  premises  covered  by  the 
action,  in  order  to  show  whether  or  not  the  water-level  had 
been  lowered,  and  if  so,  to  what  extent.  Suits  have  been 
brought  in  cases  where  it  was  apparently  impossible  that  any 
interference  with  the  water-level  could  have  been  caused,  by 
the  operation  of  the  driven-well  stations,  but  in  these  cases 
the  awards  made,  if  any,  have  been  small.  In  the  majority 
of  cases  tried,  The  City  has  had  to  admit  that  the  ground-water 
works  had  caused  some  lowering  of  the  water-table,  and  there- 
fore it  became  a  technical  trespasser  and  liable  to  action.  The 
actual  lowering  in  the  majority  of  cases  tried  has  been  less 
than  two  feet. 

LocATiox  OF  Cases 

On  Sheet  152,  Acc.  L  692,  are  shown  the  approximate  lo- 
cations of  the  property  on  which  damage  has  been  claimed  in 
suits  brought  against  The  City.  Xotc  that  these  cases,  almost 
without  exception,  are  on  low  lands  near  tlie  shore  or  in  the 
valleys,  and  that  there  liave  l)ecn  but  few  cases  over  a  mile 
from  the  works. 

Since  the  early  Spring  Creek  suits  were  the  basis  for  the 
major  portion  of  the  damages  recovered  (see  Forbell  case), 
and  over  half  the  payments  have  been  made  to  land  owners 
near  this  station.  Sheet  153,  Acc.  I J  21(S,  has  been  prepared 
to  show  the  location  of  these  Spring  Creek  cases,  their  relation 
to  the  wells  of  the  Spring  Creek  pumping-station,  and  the 
amounts  of  damages  claimed  and  tlic  amounts  awarded. 

]'\U)\\A\]\Ai  DAMAGES  FROM  DIX'ERSIOX  OV  SUF- 
FOLK COUNTY  GROUND-WATER 

A  most  liberal  estimate  has  been  made  in  the  cost  of  the 
Suffolk  County  works,  to  cover  payments  that  might  be  made 
in  the  future  to  compensate  the  property  owners  there  for 
any  damage  caused  by  the  diversion  of  the  ground-waters. 
With  the  experience  gained  in  the  operation  of  the  Ridgewood 
system,  it  is  proposed,  however,  to  locate  the  Suffolk  County 
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collecting  works  well  back  from  the  south  shore  on  high 
ground  within  a  wide  right-of-way,  where  the  lowering-  of  the 
ground-water  would  cause  but  little  or  no  damage  or  annoy- 
ance to  the  farmers  and  other  residents. 

Liberal  damages  would,  of  course,  be  paid,  as  in  Nassau 
and  Queens  counties,  where  it  was  shown  that  damage  had 
been  done,  but  it  is  believed  such  claims  would  be  small  on 
the  proposed  Suffolk  County  works,  and  complete  records  of 
the  elevation  of  the  ground-water  would  easily  disprove  many 
claims  when  presented. 


SHEET  152 


SHEET  153 
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REPORT  OX  PRELIMINARY  SURVEYS,  NOVEMBER, 
1906  TO  .MAY,  1908 

Babylon,  New  York,  June  16,  1908. 

J.  Waldo  Smith,  Esq., 

Chief  Engineer,  Board  of  Heater  Supply, 
299  Broadway,  New  York  City. 

Sir  : — I  submit  herewith  a  final  report  on  the  preliminary 
surveys  for  the  proposed  Suffolk  County  supply.  Appended  to 
this  brief  introduction  are  chapters  on  triangulation,  levels 
and  topographical  surveys  written  by  John  L.  Hildreth,  Jr., 
Assistant  Engineer,  which,  with  the  tables  attached,  represent 
a  complete  record  of  the  survey  work  on  Long  Island  from 
November,  1906,  to  ^la.y  1,  1908,  when  the  preliminary  stage 
of  this  work  may  be  considered  to  have  ended. 

This  does  not  include  triangulation  and  topographical  sur- 
veys in  the  Narrows,  New  York  harbor,  which  were  done 
under  my  direction  for  Headquarters  department. 

TRIANGLLATION 

Suffolk  C(jl'xtv 

A  system  of  quadrilaterals  was  established  in  the  latter 
part  of  1906  in  southern  Suft'olk  county  from  the  Nassau- 
Suffolk  county  line  to  Quogue  and  Riverhead,  covering  a 
width  of  three  to  five  miles,  for  the  control  of  the  surveys 
of  the  proposed  aqueduct  lines  and  the  future  topographical 
surveys  of  the  watershed  to  protect  The  City  in  damage  suits 
arising  from  the  operation  of  the  proposed  ground-water 
works.  This  triangulation  was  the  ground  work  for  a  sys- 
tem of  rectilinear  co-ordinates  of  which  Prospect  Park  water- 
tower.  P^rooklyn,  is  the  origin. 

The  triangulation  work  was  done,  for  the  most  part,  in 
the  winter,  when  the  weather  conditions  were  seldom  favor- 
able for  the  most  accurate  work,  and  the  observations  were 
made  on  the  standard  transit,  with  a  5-inch  circle,  and  a  20- 
second  vernier.  It  required  much  zeal  and  endurance,  during 
cold  winter  weather,  to  work  all  day  on  a  high  tower  with 
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one  of  these  light  instruments,  and  the  accuracy  of  the  re- 
suhs  obtained  is,  therefore,  most  gratifying,  and  reflects  great 
credit  on  the  assistants  who  did  this  work.  The  closures  be- 
tween the  three  base  lines,  measured  near  Babylon,  Holtsville, 
and  Eastport,  respectively,  were  remarkably  good,  and  the 
comparisons  with  the  positions  given  by  the  Coast  Survey  for 
several  points  along  the  south  shore  of  Sufifolk  county  in- 
cluded in  our  system,  showed  an  agreement  with  the  Coast 
Survey  work  of  about  1  in  60,000.  Probably  our  triangulation 
is  safely  within  1  in  20,000.  About  160  square  miles  in  Suffolk 
county  were  included  in  the  primary  system,  and  within  this, 
secondary  points  were  established,  as  noted  in  Appendix  A. 
Thirty-one  primary  stations  and  80  secondary  stations  were 
occupied. 

The  entire  cost  of  the  triangulation  work  in  Suffolk  county 
is  estimated  at  $14,000,  which  amounts  to  about  $87.50  per 
square  mile  of  the  entire  area  covered  by  the  primary  system. 

Nassau  and  Queens  Counties 

No  primary  triangulation  work  was  done  in  Nassau  or 
Queens  county.  The  position  of  the  stations  previously  estab- 
lished by  the  topographical  bureau  of  Queens,  was  referred  to 
Prospect  tower,  the  common  origin  of  the  Suffolk  county  sur- 
veys and  the  traverses  in  Queens  tied  in  to  these  stations. 

The  survey  of  the  aqueduct  lines  in  Nassau  county  was 
controlled  by  the  triangulation  on  either  end.  and  b}-  inter- 
mediate Coast  Survey  stations. 

LFA'ELS 

All  the  work  thus  far  done  is  referred  to  a  datum,  1.72 
feet  below  that  of  the  Brooklyn  Water  Department,  in  ac- 
cordance with  your  instructions  of  Ma\  \i\  V\)7 .  This  datum 
was  assumed  from  existing  information,  to  be  co-incident  with 
mean  sea  at  Sandy  I  Took,  the  datum  ])lanc  adopted  by  the 
I)oard  of  Water  Supply  for  the  Catskill  a(|ucduct,  l)Ut  sul)se- 
(|nent  k'\cls  in  the  winter  of  1907-1908  showed  the  assumed 
dalnni  to  l)e  0.3*^  foot  l)elow  mean  sea  at  Sandy  Hook,  it  was 
found  l)y  i)rcvious  levels  that  the  datum  ])lane  a(lo])te(l  tlu-ougli- 
out  Long  Island  1)\  ilu-  T.  (leological  Snr\e\-,  which  is  mean 
sea  at  \\'illett's  I'oint.  was  1.087  feet  1)elow  the  Brooklyn 
datum,  and  therefore  0.63  foot  above  tlie  zero  assumed  for  the 
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work  of  the  Long  Island  department.  The  relative  elevations 
of  the  several  datum  planes  are  summarized  below. 


Number  of  Feet  of  Zero 
of  Given  Datum  Above 
Datum  Plane  Assumed 
by  the  Board  of  Water 
Supply  in  1907  for  Long 
Island  Work 


Board  of  Water  Supply,  mean 

sea  at 

Sandy  Hook   

0 

39 

Brooklyn  Water  Department 

1 

72 

U.  S.  Geological  Survey,  mean 

sea  at 

Willetts  point  

0 

63 

Mean  sea  in  the  Great  South  bay 

as  de- 

0 

8 

Suffolk  County  Levels 

In  the  winter  of  1906-1907,  Assistant  Engineer  Charles 
Goodman  established  primary  bench-marks  in  Suffolk  county 
from  the  Smith's  Pond  datum  of  the  Brooklyn  Water  Depart- 
ment, which  were  later  corrected  by  the  1.72  feet,  to  obtain 
an  api)roximate  mean  sea  datum  as  noted  above.  These  pri- 
mary bench-levels  were  made  the  subject  of  a  special  report 
by  Assistant  Engineer  Goodman,  dated  February  16,  1907, 
and  submitted  to  you  from  this  office  on  May  3,  1907,  which 
was  afterward  embodied  in  a  later  report  by  Headquarters 
department  of  February  18.  1908. 

In  accordance  with  the  recommendations  of  the  report  of 
May  3.  1907,  15  bench-marks  have  been  established  in  Suf- 
folk county,  where  Assistant  Engineer  Goodman  found  no 
permanent  points.  These  new  benches  have  been  levelled  on 
and  are  shown  in  Appendix  B  of  this  report. 

From  these  primary  bench-marks,  secondary  levels  were 
run  throughout  the  southerly  portion  of  Suffolk  county,  and 
over  the  entire  island  cast  of  Port  Jefferson  and  Patchogue 
as  far  as  Riverhead.  This  work  was  done  to  determine  the 
elevations  of  test-wells  for  ground-water  observations  and  for 
the  control  of  the  topographical  surveys.    The  closures  of  the 
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secondary  levels  were  all  within  0.03  for  C  in  the  formula 
E  =  C  \'  in  which  E  —  error  of  closure  in  feet,  ]\I  = 
length  of  run  in  miles. 

Altogether,  899  miles  of  secondary  levels  were  run  at  a 
total  cost  of  $9,135  or  $10.15  per  mile.  About  half  of  this 
expense  was  incurred  in  the  field ;  the  remainder  was  spent 
in  the  office  in  working  up  notes  and  tabulating  the  results. 

Nx\ssAU  AND  Queens  Counties 

The  survey  lines  for  the  proposed  aqueduct  through  Nas- 
sau and  Queens  counties  were  near  the  lines  of  the  primary 
levels  and  no  work  of  importance  was  necessary  to  establish 
bench-marks  for  the  topographical  surveys  between  Brooklyn 
and  the  Suffolk  County  line. 

TOPOGRAPHICAL  SURVEYS 

The  level  character  of  the  outwash  plains  of  southern  Long 
Island  afforded  a  wide  choice  of  location  for  the  proposed 
aqueduct  and  collecting  works,  and  it  was  essential,  on  all 
promising  lines,  to  cover  a  sufficient  width  of  ground  to  allow 
of  some  adjustment  of  the  paper  location  that  was  adopted 
for  the  preliminary  estimates  of  cost.  Special  methods  de- 
scribed in  Appendix  C,  were  devised  by  Assistant  Engineer 
Hildreth  to  secure  from  a  single  traverse  all  the  topography 
over  a  wide  strip  of  land.  Ordinarily,  a  width  of  1000  feet 
was  covered  throughout  Suffolk  county  and  much  of  Nassau 
county.    All  traverses  wxre  closed  within  1  in  6000. 

During  this  work,  18,400  acies  were  surveyed,  at  a  total 
cost  of  $42,215  which  corresponds  to  $2.29  per  acre,  or  about 
$1470  per  square  mile. 

Mapping  of  Surveys 

All  this  topographical  work  has  been  mapped  on  mounted 
white  i)apcr  sheets  26  inches  by  40  inches,  on  a  scale  of  200 
feet  to  the  inch.  ICach  sheet  is  divided  1)y  the  rectangular 
co-ordinate  lines  iiUo  six  12-inch  s(|uares.  and  completed  in 
accordance  witli  the  standards  fixed  b\-  the  iMigineering  bu- 
reau. Ahogether,  180  sheets  have  been  hiid  out,  and  all  sur- 
veys, with  the  exception  of  a  few  short  traverses  in  northern 
Queens  county  have  been  ])lolte(l,  clierked  and  inked. 
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SUMMARY  OF  WORK 


The  total  amount  of  work  accomplished,  and  the  estimated 
cost  are  summarized  below : 


Amount 
OF  Work 

Total 

Estimated  Cost 

Unit  Cost 

Triangulation  

160  square  miles 

$14,000 

$87.50  per  square  mile 

Levels,    exclusive    of  Good- 

man's work  previously  re- 

899  miles 

9,135 

10.15  per  mile 

Topographical  surveys  

18,400  acres 

42,215 

2.29  per  acre 

Total  cost  of  surveys, 

exclusive  of  primary 

levels  

$65,350 

The  tabulations  of  all  this  work  as  made  up  for  field  and 
office  use,  are  given  in  the  following  pages  and  are  submitted 
for  filing  at  Headquarters  department. 

Respectfully  submitted, 

WALTER  E.  SPEAR, 

Division  Engineer 
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TRIAXGULATIOX   WORK   IN   SUFFOLK,  NASSAU 
AND  QUEENS  COUNTIES 

BY  JOHN  L.  HILDRETH^  JR.^  ASSISTANT  ENGINEER 

For  the  control  of  the  topographical  surveys  in  Suffolk 
county,  a  system  of  triangulation  was  established,  in  the  latter, 
part  of  1906  and  in  1907,  from  the  Nassau-Suffolk  County 
line  to  Riverhead  and  Quogue,  a  distance  of  about  40  miles. 
A  system  of  quadrilaterals  was  laid  out  covering  a  width 
from  three  to  five  miles  in  southern  Suft'olk  county,  which 
included  several  U.  S.  Coast  Survey  stations  previously  estab- 
lished. 

Prospect-  Park  tower  in  Brooklyn,  the  origin  of  co-ordi- 
nates selected  for  the  triangulation  in  Brooklyn  and  Queens 
boroughs  (Latitude  40°  40'  20.721",  Longitude  73°  58' 
03.841"),  was  taken  as  a  zero  of  plane  co-ordinates,  or,  more 
properly,  linear  spherical  co-ordinates  for  the  work  in  Suf- 
folk county.  From  this  station,  plane  co-ordinates  of  "  Wel- 
wood,"  a  triangulation  station  near  Lindenhurst,  were  computed 
from  the  geographical  positions  of  these  two  stations  given 
by  the  Coast  Survey.  From  the  co-ordinates  of  "  Welwood," 
the  positions  of  all  other  stations  in  Suffolk  county  were  deter- 
mined by  means  of  the  triangulation  work  of  the  I'oard.  and 
all  checked  by  tlie  geographical  positions  of  other  Coast  Sur- 
vey stations  in  Suffolk  county  that  were  included  in  our 
quadrilateral  system. 

Within  this  primary  system,  secondary  triangulation  sta- 
tions were  located  about  one  mile  apart,  near  the  ])roposed 
aqueduct  location,  for  convenience  in  running  the  stadia  sur- 
veys. 

\\1icrc\'cT  i)()ssil)le,  existing  structures  sncli  as  1)uildings, 
\\'iii(hiiills.  water-tanks,  etc.,  were  utihzcd  for  1)()tli  primary 
and  scrniidary  stations,  but  it  was  found  necessar\-  to  erect 
several  towers  in  order  to  obtain  good  (juadrilaterals  in  the 
primary  s\stem. 

'I'hrcc  (liffereiU  styles  of  towers  were  used,  all  of  which 
proved  to  l)c  \-ery  satisfactory. 
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HiGHT 


Name  Feet      Kind     Built  by  Material  Remarks 


Keith   50  4  post  Contract  Sawed  lumber 

Yaphank   40  4    "  Engineers  Oak  and  pine  trees 

Raynor   38  4    "  " 

Holtsville   30  3    "  Contract  Sawed  lumber 

Mastic   40  3    "  Engineers 

East  base*   18  4    "               "  Oak  and  pine  trees 

Terry  No.  2..  .  .  15  4    "               "  "      "      "       "      Eccentric  station 

of  Terry 


*Near  Eastport 

Plates  31  to  54,  inclusive,  show  all  the  primary  stations 
except  ''East"  and  "West"  base  in  Lindenhurst,  "East" 
and  "  West  "  base  at  Eastport,  "  Osborn  "  and  "  Terry." 

In  order  to  hasten  the  work,  the  system  was  divided  into 
three  divisions:  Babylon,  extending  from  Amityville  to  Islip; 
Patchogiie,  extending  from  Islip  to  Bellport ;  and  ]\Ioriches, 
covering  the  remainder  of  the  island  east  of  Bellport.  A 
separate  base-line  was  laid  out  and  measured  on  each  division, 
and  from  it  the  work  of  each  division  calculated. 

Method  of  AIeasuring  Base-Lines 


IiAl!\rj)N  DIVISION 

Location  On  south  side  of  embankment  of  Hempstead 

branch  of  Long  Island  railroad  north  of  Lin- 
denhurst, between  "  West  "  and    East  "  base. 

Length  6,349.653  feet. 

Tape  used.  .  .100- foot  Eddy  divided  to  1/100  foot. 
Supported.  .  .At  0,  25,  50,  75  and  100-foot  points. 
Pull  20  pounds. 

Method  Distance   was   measured   between   hubs   99  + 


feet  apart,  set  on  uniform  grades ;  both  ends  of 
the  tape  were  read,  the  1/1000  foot  being  esti- 
mated. Tape  shifted  and  the  measurement  re- 
peated three  or  more  times,  allowable  differ- 
ence between  maximum  and  minimum  being 
2/1000  foot.  Temperature  taken  with  each 
measurement  at  both  ends  of  the  tape.  The 
sum  of  the  averages  of  all  the  measurements 
being  used  for  the  total  length. 
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Two  measurements  were  made  checking  within 
1/26500. 

On  account  of  the  better  conditions  during  the 
second  measurement,  this  was  used  in  calcu- 
lating the  quadrilaterals. 


PATCHOGUE  DIVISION 

Location  Along  the  Main  Line  division  of  Long  Island 

railroad  between  hubs  opposite  Holtsville 
and     Ronkonkoma."    Distance  "  Holtsville  " 
to  "  Ronkonkoma  "  calculated  from  this. 

Length  23,275.420  feet. 

Tape  used ...  100-foot  Lufkin  graduated  to  feet  except  the 
first  foot,  which  was  graduated  to  1/10  foot. 

Supported.  .  .On  rail,  except  for  726.350  feet  at  one  end.  The 
latter  being  supported  at  0  and  100-foot  points 
by  hubs. 

Pull  16  pounds. 

Method  Tape  stretched  with  required  pull,  rear  end  laid 

on  rail,  then  front  end  lowered  on  rail  keeping 
the  pull  constant,  and  the  distance  carefully 
marked  w^ith  pencil.  The  remaining  distance, 
726.350  feet,  was  measured  between  hubs  with 
an  Eddy  tape  divided  to  1/100  foot  using  the 
same  pull. 

Temperature  taken  at  both  ends  of  the  tape  with 
each  measurement.    Four  measurements  were 
made,  but  the  third  was  eliminated  on  account 
of  im favorable  conditions. 
The  average  of  these  three  measurements  was 

used  for  calculating  the  quadrilaterals. 
Error  between  1st  measure  and  mean  1/73200 
2nd     "        "  1/86600 
4th      "        "       "     1  '47S700 

.MOKICI  I  i:S   ])I\  ISI()N 

Location  Along  Manor  branch  of  Long  Island  railroad 

near  ICastporl  l)ctwccn  "  W^cst  "  and  "East" 
base. 
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Length  10,259.105  feet. 

Supported.  .  .At  0  and  100  feet. 
Pull  16  pounds. 

Method  Base-line  divided  into  12  parts  by  hubs  set  from 

300  to  1400  feet  apart,  the  distance  between 
hubs  being  measured  two  or  more  times,  tape 
being  held  level,  using  plumb-bobs.  Allow- 
able difference  being  2/1000  foot  after  cor- 
recting for  temperature. 
Temperature  taken  every  200  or  300  feet. 


STAXDARDIZIXG  OF  TAPES 

In  order  to  have  all  measurements  agree  with  the  U.  S. 
Standard  and  to  obtain  checks  on  the  work  through  the  United 
Coast  Survey  stations,  the  tape  used  on  the  Babylon  base 
was  sent  to  Washington  and  standardized  under  the  same 
conditions  as  when  used.  Afterward  the  tapes  used  on  the 
Pat'chogue  and  Moriches  bases  were  standardized  with  this 
tape  over  700  feet  of  the  Babylon  base. 


METHOD  OF  TURXIXG  PRIMARY  ANGLES 


Limit 

Error 

Total 

Division 

Method  of 

N UMBER  Between 

Number 

Measuring  Angle 

OF  Sets 

Sets 

OF 

Seconds 

Angles 

BaVjylon  

*Left  to  right  angle  and  explement  six 

times,    telescope    reversed  between 

2 

3 

24 

Patchogue 

.   Left  to  right  and  right  to  left,  six  times, 

angle  and  explement.    Telescope  re- 

versed  between   each   angle.  Plate 

set  at  zero  

2 

24 

Moriches .... 

.  Left  to  right,  telescope  direct  for  three 

and  reversed  for  three.    Set  in  difTer- 

4 

5 

24 

♦Method  used  in  the  triangulation  of  City  of  New  York  by  Mr.  Mossman 


For  turning  the  angles  in  both  primary  and  secondary 
work,  an  ordinary  Buff  and  Buff  or  Berger  &  Son's  engineer's 
transit,  with  5-inch  i)latc,  reading  to  20  seconds  was  used. 
Signal  poles,  varying  from  two  to  six  inches  in  width  depend- 
ing on  the  length  of  sight,  and  painted  with  alternate  bands 
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of  black  and  white,  with  a  flag  at  the  top,  or  the  center  of 
the  windmills  or  spires,  were  used  for  sights. 

Six  to  seven  miles  were  about  the  limit  of  sight,  under  good 
conditions,  of  these  instruments. 

A  triangulation  party  consisted  of  an  instrument  man  (as- 
sistant engineer  usually)  and  recorder,  and  two  or  more  assist- 
ants to  raise  and  lower  signals  whenever  necessary.  From  one 
to  two  primary  angles,  two  to  four  secondary  angles,  and  angles 
to  azimuth  stakes,  under  ordinary  conditions,  could  be  turned 
in  a  day. 

\\>ather  conditions  and  the  low  power  of  the  instruments 
were  responsible  for  the  apparently  small  amount  of  work 
done. 

CALCULATION  OF  TRL\XGULATION 

After  correcting  such  angles  as  were  measured  from  ec- 
centric stations,  the  quadrilaterals  were  adjusted  by  the  angle 
and  side  equation  adjustment,  the  rigorous  method  not  being 
used.  The  base-line  was  first  corrected  for  temperature  to 
62°  F.,  then  to  U.  S.  standard,  and  finally  reduced  to  the 
horizontal.  This  was  then  reduced  to  sea-level  and  used  to 
calculate  the  quadrilaterals.  In  each  case,  the  easterly  side 
of  the  quadrilaterals  was  calculated  through  the  north  and 
south  sides  and  the  average  used  to  go  ahead  with.  In  one 
case  two  quadrilaterals,  "  \^ilcanite  "  and  "  Babylon  "  had  two 
sides  in  common  which  were  calculated  from  both  with  the  fol- 
lowing results : 


Side 

Calculated  from 

Length 

Difference 

Quadrilateral 

Feet 

Feet 

St.  Dominic  to  Belmont  .  . 

18.()13.()47 

18, 012. 395 

0.052 

Belmont  to  Sherman  

.  .  Vulcanite  

13.034.300 

13,034.010 

0.350 
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The  table  following  gives  the  closures  of  the  angles  of  the 
quadrilaterals,  the  error  per  angle,  maximum,  minimum  and 
average  correction  per  angle : 

CLOSURES  OF  QUADRILATERALS 


Sum  of  Observed                       Error  Correction 
Angles               Total          per               in  Seconds 
Quadri-        ,  —  s      Error       Angle  — 


LATERAL 

De- 
grees 

Min- 
utes 

Sec- 
onds 

Seconds 

IN 

Seconds 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Amity ville.  .  .  . 

359 

59 

48.6 

11.4 

—1.42 

6.2 

0.2 

2.79 

Base  

359 

59 

57.2 

2.8 

—0.35 

3.2 

0.7 

1.88 

Vulcanite  

359 

59 

57.9 

2.1 

—0.26 

1.9 

0.0 

0.94 

Babylon  

359 

59 

53.7 

6.3 

—0.79 

3.1 

0.8 

1.54 

Bayshore  

360 

00 

06.0 

+ 

6.0 

+0.77 

5.5 

0.5 

2.23 

Islip  

360 

00 

08.7 

+ 

8.7 

+  1.09 

2.2 

0.1 

1.11 

Patchogue.  .  .  . 

359 

59 

55.9 

4.1 

—0.51 

2.7 

0.0 

1.13 

Oakdale  

359 

59 

51.3 

8.7 

—1.09 

6.6 

1.8 

3.71 

Cutting  

359 

59 

57.7 

2.3 

—0.29 

4.4 

0.8 

2.02 

Bellport  

360 

00 

05.7 

4- 

5.7 

+0.71 

3.4 

0.1 

1.61 

Brookhaven. ,  . 

359 

59 

49.8 

10.2 

—1.27 

3.0 

0.4 

1.50 

Mastic  

359 

59 

57.8 

2.2 

—0.28 

1.8 

0.4 

1.05 

Moriches  

360 

00 

05.3 

+ 

5.3 

+0.66 

4.3 

0.5 

1.65 

Eastport  

360 

00 

07.7 

+ 

7.7 

+0.96 

1.9 

0.0 

1.04 

Westhampton. 

359 

59 

56.1 

3.9 

—0.49 

3.0 

0.3 

1.16 

Base  

359 

59 

57.8 

2.2 

—0.28 

1.7 

0.2 

0.80 

Average  correction  per  angle  1.63  seconds 


Closure.s  Between  the  Different  Divisions 
babylon  and  patchogue 


Line  between  Islip  and 

Division" 

Central  Islip 

Babylon 

  19,127.293  feet 

Patchogue 

  19.127.289  " 

Difference 

  0.004  foot 

PATCHOGUE  AND  -MORICHES 

Line  between  Plainfield 

Division 

and  Bellport 

Patchogue  . 

  23,86L563  feet 

  23,86L336  " 

Difference 

  0.227  foot 

As  the  work  between  the  three  divisions  closed  so  well, 
and  as  "  Welwood  "  was  a  U.  S.  Coast  Survey  station  whose 
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co-ordinates  and  that  of  Fire  Island  lighthouse,  and  the  azi- 
muth of  the  line  between  them  had  been  furnished  through 
the  courtesy  of  the  United  States  Coast  Survey,  it  was  de- 
cided to  hold  the  work  of  the  Babylon  division  and  adjust 
the  other  quadrilaterals  to  it,  which  was  accordingly  done. 

The  following  closures  in  co-ordinates  and  in  azimuth  were 
obtained  on  the  U.  S.  Coast  Survey  stations,  either  occupied 
or  cut  in : 


DlFFERENXE 

Co-ordinates  Calculated  in  Feet 

Station  ,  ^  .  From  .  . 

North  East  North  East 


Babylon  Presby 
terian  church. 


9.594.551    178,869.953    Fire  Island  light   0  175  0  237 

9,594.376    178,870.190  Welwood 
9,594.464    178,870.072  Average 

9,594.405    178,869.223    Triangulation   0.059  0.849 

St.  Dominic-Belmont 

Triangulation   0.062  0.971 

Sherman-Belmont 


9,594.402  178,869.101 


Patchogue 
school  .  . . 


.34,355.38 
34,355.83 
34,355.61 
34,359.76 
Bellport  church. 33, 634. 48 
33,635.59 


Osborn . 


Terry 


78.205.18 
78,207.44 
78,206.31 
78,207.74 

.67,520.48 
67,552.76 
67,521.62 
67,523.78 


264,327.84  Welwood 

264,327.41  Fire  Island  light   0.45  0.43 

264,327.63  Average 

264,323.65  Triangulation   4.15  3.98 

285,688.74  Patchogue  school 

285,690.03  Triangulation   1.11  1.29 

Patchogue  school-Holtsville 

347,621.08  Welwood 

347,619.30  Fire  Island  light   2.26  1.78 

347,620.19  Average 

347.617.07  Triangulation   1.43  3.12 

331.946.8  Welwood 

331,945.3  Fire  Island  light   2.28  1.5 

331,946.05  Average 

331,944.74  Triangulation   2.16  1.31 


Station 


Co-ordinates 


South 


East 


Calculated 
From 


Difference 
in  Feet 


North  East 


Fire  Island.  .  .  .  13,675.50 
13,673.22 


207,828.66 
207,827.20 


13,672.30  207,825.23 


U.  S.  Coast  Survey 
Triangulation  

Sherman-Belmont 
Triangulation  

Holtsville-Patchogue 


2.28 
3.20 


1.46 
3.43 


LiNI 


Azimuth 


Degrees   Minutes  Seconds 


Calculated 


DlFFER- 

•ROM       ence  in 

SiCCONDS 


Patchogue  school  to 
Fire  Island  light. . . 

Terry  to  Osborn  

Terry    to  Moriches 
Presbyterian  church 


229 

37 

52.2 

Geographic  co-ordinates 

229 

37 

49. H 

Triangulation  

2.4 

55 

42 

36.4 

(ieographic  co-ordinates 

55 

43 

02.1 

25.7 

216 

59 

35.2 

Geographic  co-ordinates 

216 

59 

02.0 

Triangulation  

33.2 
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These  stations  were  selected  at  points  approximately  one 
mile  apart,  and  as  closely  as  could  be  determined  at  that  time 
to  where  the  aqueduct  line  would  be  located.  In  most  cases, 
existing  structures  such  as  dwelling  houses  and  small  wind- 
mills were  used,  though  in  several  instances  it  was  necessary 
to  erect  signal  poles  40  to  60  feet  high  or  put  flags  in  high 
trees  and  cut  these  in. 

The  method  of  turning  angles  was  the  same  as  on  the 
primary  work,  except  that  only  one-half  the  number  of  sets 
were  turned.  In  all  cases  where  it  was  possible  the  station 
was  occupied,  and  the  error  of  closure  was  proportioned 
equally  among  all  three  angles.  Alost  of  this  work  was  done 
at  the  same  time  that  the  primary  angles  were  turned,  to 
avoid  occupying  a  station  twice.  As  these  stations  were  cal- 
culated from  only  two  primary  stations,  the  only  check  on 
their  accuracy  was  the  closures  of  the  traverses  run  in  the 


At  all  primary  and  secondary  stations,  except  where  the 
latter  were  simply  poles  or  flags  that  were  cut  in,  two  or 
three  azimuth  stakes  were  set  for  closures  of  the  traverses 
without  the  necessity  of  re-occupying  the  station  again.  These 
were  used  for  closures  both  in  azimuth  and  in  co-ordinates. 
At  all  the  primary  and  some  secondary  triangulation  stations, 
these  stakes  have  been  replaced  by  concrete  monuments. 


field. 


Azimuth  Stakes 


Summary 


Area,  square  miles   

Primary  stations   

Secondary  stations   

Towers  erected   

Signals  erected   

Angles  turned   

Total  length  of  base-lines 


30,884.178  feet 


657 


160 
31 

80 


/ 
77 
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Salaries  (surveys  and  calculations),  materials,  etc., 


except  towers    (Xo  Executive)  $13,081.38 

TOWERS 

"Keith;*  50  feet   218.00 

"  East  base,'*  Eastport,  18  feet   29.00 

"Terry,**  15  feet   32.00 

"Raynor,**  38  feet   152.00 

"Yaphank,**  40  feet   150.00 

"  Mastic,*'  40  feet   207.00 

Holtsville.**  30  feet   135.00 

Total  cost   $14,004.38 

Cost  per  square  mile   $87.50 


TRIAXGULATIOX    WORK   IX   XASSAl'  COUXTY 

For  the  control  of  the  survey  work  through  Xassau  county 
from  Amity ville  to  \'alley  Stream,  it  was  decided  not  to  do 
any  field  work,  but  to  utilize  the  U.  S.  Coast  Survey  stations 
on  account  of  their  proximity  to  the  line.  Five  stations, 
"  Episcopal  spire  '*  at  South  Oyster  bay  (Massapequa) ,  *'  Fry's 
cupola  "  at  Bellmore.  "  Presbyterian  Church  spire  '*  at  Free- 
port,  "  Methodist  Church  spire  "  at  Baldwin,  and  "  rcarsall's 
Methodist  Church  s])ire  **  at  Lynbrook  were  used.  Owing  to 
the  very  poor  closures  obtained  on  all  these  stations  except  the 
first  at  Massapequa,  they  were  abandoned  and  the  work  closed 
from  station."  H()sj)ital  *'  at  Amityville  to  "  Roeckels  "  at  Rose- 
dale,  a  distance  of  about  15  miles.  In  order  to  hasten  this 
work,  an  additional  party  was  started  at  TYeeport  and  later  at 
Lynbrook.  At  both  of  these  places,- an  observatic^n  was  made 
on  I'olaris.  and  from  this  an  azimuth  obtained  to  start  the 
work. 

TRIAXGULATIOX  WORK  IX  OUEEXS  COl^XTY 

For  the  control  of  tlie  surve\-  work  in  tlic  County  of 
Queens,  extending  from  tlie  Ridgewood  reserxoir  to  the  Xas- 
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sail  County  line  near  Rosedale,  a  distance  of  about  nine  miles, 
four  triangulation  stations  established  by  the  Borough  of 
Queens,  "  Ridgewood  gate-house,"  "  Aqueduct,"  "  ]\Ietropoli- 
tan  "  and  "  Roeckels  "  were  used.  The  co-ordinates  of  these 
stations  in  the  old  Bronx  system,  whose  origin  was  on  Eleventh 
avenue,  were  obtained  from  the  topographical  bureau  of  the 
Borough  of  Queens.  In  order  to  utilize  these  stations,  it  was 
necessary  to  obtain  their  co-ordinates  in  the  system  used  on  the 
remainder  of  the  work,  whose  origin  was  Prospect  Park  water- 
tower  in  Brooklyn.  This  was  done  by  hrst  calculating  their 
geographic  position  by  transposing  from  the  old  Bronx  system 
to  the  new  with  the  Parkway  origin,  and  thence  to  the  Brook- 
lyn system  with  Prospect  Park  water-tower  (  Latitude  40^  40' 
20.72P',  Longitude  73^  58'  03.841")  as  a  zero.  The  plane 
co-ordinates  of  these  stations  were  then  calculated.  Azi- 
muth stakes  were  set  at  all  four  stations,  only  such  triangulation 
work  being  done  to  properly  obtain  their  azimuth.  For  most 
of  this  work,  "  Mollis, "  a  L'.  S.  Coast  Survey  station,  was  used, 
as  the  stations  were  not  intervisible.  These  four  points  were 
used  for  the  stadia  traverses  along  the  aqueduct  location. 

¥or  the  surveys  of  a  proposed  reservoir  site  near  Lake 
Success,  in  the  Xorthern  part  of  Queens  borough,  only  one 
previously  established  station,  "  Hollis,"  was  available. 
"  Payne,"  where  a  tower  had  just  been  erected  and  was  being- 
occupied  at  the  time  of  the  surveys,  was  used  to  close  on,  its 
I)osition  being  determined  by  tlie  traverse. 

In  turning  the  angles  for  the  azimuth  stakes,  a  5-inch 
20-second  Pufif  and  Buff  transit  was  used.  These  w^ere  turned 
from  left  to  right  with  reversals  between  each  angle,  six  angles 
constituting  a  set.  Four  sets  were  usually  turned  to  deter- 
mine the  angle.  On  part  of  this  work,  the  ex])lement  of  the 
angle  was  measured  in  the  same  manner  and  the  average  of 
the  two  taken  for  the  true  value.  In  the  other  cases,  an  addi- 
tional angle  was  turned  to  another  triangulation  station,  and 
the  average  of  these  two  angles  used.  No  towers  or  signals 
were  erected  on  this  work. 

Ten  stations  were  occupied  and  about  30  angles  measured, 
at  a  total  cost  of  about  $300. 
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TABLE  48 

Primary  Triaxgulatiox  Stations 


Station 


HiGHT  OF 

Location  Instrument 
Town  Structvre  Above 

Ground 


Description  of  Station 


Hospital. 


Amitvville. 


St.  Dominic. 


Amitvville. 


Tower  of  Long  About 
Island  Home.    80  feet 


Water  tank.  .  .     65  feet 


West  Base   Lindenhurst 


None . 


5  feet 


Wehvood 


Vulcanite 


Lindenhurst .  .   Dwelling  house    50  feet 


Lindenhurst..  .   Water-tank.  .  .     75  feet 


East  Base   Lindenhurst 


None  . 


5  feet 


Belmont 


Babvlon 


Windmill   80  feet 


Sherman   Babylon   Cupola  of  hotel    65  feet 


Keith   Bayshore 


Tower   50  feet 


Dosseri   Bayshore   Water-tank.  .  .     78  feet 


Islip 

Central  Islip . 
Cutting  


Islip  

Central  Islip 
Islip  


Ronkonkoma 


Islip. 


Coal  elevator..     47  feet 


Roman  Cath-  50  feet 
olio  church..  . 

Windmill   50  feet 


Dwelling  house    35  feet 
(^empty ) 


Oakdale   Islip   Windmill   75  feet 


Signal  in  east  window  at  top  of  central 
tower  of  Administration  building  of  the 
Long  Island  Home,  on  the  north  side  of 
Division  avenue;  building  painted 
brown 

Signal  pole  on  top  of  gray  water-tank, 
60  feet  high,  at  St.  Dominic's  convent, 
on  east  side  of  Albany  avenue,  about 
1)4  miles  northeast  of  Amity ville 
Signal  on  south  side  of  embankment  of 
Hempstead  branch  of  Long  Island  rail- 
road, about  L30  feet  northwest  of  road 
from  Lindenhurst   (straight  path)  to 
Wyandanch.     marked    by  concrete 
monument 
Finial  on  center  of  cupola  of  gray  house 
of  F.  D.  Neville,  at  northwest  corner 
of  Broadway  and  South  Country  road 
(Main  street).  Lindenhurst.  U.  S.  Coast 
Survey  station 
Eccentric  station  on  roof  of  large  water- 
tank.  70  feet  high,  of  Vulcanite  Mfg. 
Co..  on  east  side  of  Dougherty  avenue, 
and  south  of  Long  Island  railroad 
Signal  on  south  side  of  embankment  of 
Hempstead  branch  of  Long  Island  rail- 
road,   about    400    feet    southeast  of 
Cemetery   road,  marked  by  concrete 
monument 
Signal  on  platform  of  large  yellow  wind- 
mill of  August  Belmont,  south  of  Bel- 
mont  avenue   and   about   two  miles 
northwest  of  Babylon 
Eccentric  signal  on  roof  of  cupola  of 
Sherman  House  on  south  side  of  Main 
street,  opposite  Deer  Park  avenue,  in 
Babylon  village 
50-foot  4-post   triangulation  tower,  on 
east  side  of  road  from  Edgewood  to 
Bayshore,   about   one   mile   south  of 
Edgewood.  on  land  of  M.  C.  Keith. 
Concrete  monument  under  tower 
Signal  on  center  of  roof  of  water-tank, 
73  feet  high,  on  land  of  Louis  Bossert 
on  north  side  of  South  Country  road 
about  one  mile  west  of  Bayshore 
Signal  on  top  of  coal  elevator  of  Islip  Coal 
&  Feed  Co.,  south  of  railroad  and  west 
of  Nassau  avenue 
Gilt  cross  on  spire  of  church,  on  east  side 
of  Carleton  avenue,  about  2,000  feet 
south  of  railroad 
Center  of  gray  windmill  on  land  of  W.  B. 
Cutting,  north  of  Montauk  division  of 
Long  Island  railroad,  and  about  3^ 
mile   east   of   Great    River  railroad 
station 

Center  of  cupola  of  empty  dwelling  house 
on  Ocean  avenue,  north  of  main  line 
of  Long  Island  railroad  and  about  one 
mile  west  of  Ronkonkoma  railroad 
station 

Center  of  gray  windmill  south  of  South 
Country  road  and  about  one  mile  east 
of  Oakdale  railroad  station,  on  land  of 
F.  C.  Bourne's  Indian  Xeck  farm 
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TABLE   4.8  {Concluded) 


HiGHT  OF 

Location  Instrument 
Station  Town  Structure     Above  Description  of  Station 

Ground 


Holtsville   Brookhaven..  .  Tower  

Patchogue   Brookhaven...  Water-tank... 

Plainfield   Brookhaven...  Water-tank... 

Bellport   Brookhaven...  Windmill  

Yaphank   Brookhaven...  Tower  

Mastic   Brookhaven...  Tower  

Raynor   Brookhaven...  Tower  

Farnsworth   Brookhaven...  Windmill  

Terry   Brookhaven...  None  

West  Base   Brookhaven..  .  None  

East  Base   Southampton.  Tower  

Convent   Brookhaven..  .  Water-tank.  .  . 

Osborn   Southampton.  None  

Oakville   Southanii)ton  .  Xone  

Hallock   Southampton.  Windmill  


30  feet  30-foot  3-post  triangulation  tower  on  land 
of  Long  Island  railroad,  800  feet  east 
of  Holtsville  railroad  station.  Con- 
crete monument  under  tower 

92  feet     Center  of  water-tank  of  Patchogue  Mfg. 

Co.,  about  300  feet  north  of  South 
Country  road  and  near  Lace  Mill  pond. 
Concrete  monument  under  tower 

53  feet  Center  of  yellow  water-tank  of  Long 
Island  railroad,  four  miles  north  of 
Bellport  at  Xo.  2  experimental  agri- 
cultural station 

44  feet  Center  of  windmill  on  John  L.  Langley's 
estate.  ^  mile  east  of  Bellport,  on 
south  side  of  South  Country  road 

38  feet  37-foot  4-post  triangulation  tower,  built 
of  oak  and  pine  trees,  on  land  of  Young 
and  Metzner,  I'oniiles  north,  and  5 
mile  east  of  Yaphank  railroad  station 

40  feet  40-foot  3-post  triangulation  tower  on 
estate  of  Christopher  Roberts  (R.  M. 
Galloway).  300  feet  south  of  South 
Country  road,  opposite  house  I'f  Win. 
Bremmohl,  and  one  mile  west  1  if  Mastic 
railroad  station.  Concrete  monument 
under  tower 

40  feet  40-foot  4-post  triangulation  tower,  built 
of  oak  and  pine  trees  on  Prospect  Hill, 
South  Manor,  on  land  of  E.  E.  Raynor, 
and  5  mile  south  of  his  house.  Con- 
crete monument  under  tower 

57  feet     Center  of  white  wimlniill  on  barn  of  A.  B. 

Farnsworth,    m:   cast   side   of  Ocean 
avenue  in  Center  Moriches,  one  block 
south    of    Center    Moriches  Roman 
Catholic  church 
5  feet    U.  S.  Coast  Survey  station.    Tile  drain 
pipe   filled   with   eoncrete  on  highest 
point  cf  Rock  hill,  on  land  of  Mrs.  Allen, 
mile  south  of  and  1  ^  miles  east  of 
South  ALanor  Presbyterian  church 
5  feet    On   Long   Island  Railroad  right-of-way, 
Manor  branch,  30  feet  south  of  track 
and  about  5,200  feet  west  of  Eastport 
railroad  station,  marked  by  concrete 
monument 

LS  feet  18-foot  tower  over  concrete  monument, 
30  feet  north  of  railroad  track,  on  right- 
of-way  of  Montauk  division  of  Long 
Island  railroad,  and  about  450  feet  east 
of  intersection  of  South  Country  road 
and  railroad,  half  way  between  East- 
port  and  Speonk 
52  feet  Center  of  largest  water-tank  (white)  at 
Roman  Catholic  convent,  in  Center 
Moriches,  'i>  mile  south  and  one  mile 
east  of  East  Moriches  railroad  station 

5  feet  U.  S.  Coast  Survey  station.  Tile  drain 
pipe  filled  with  concrete  on  Bald  hill, 
2''4  miles  south  and  2^^  miles  west 
of  Riverhead 

5  feet  Hub  on  northwest  knob  of  hill  on  land  of 
Flanders  club,  1  '  2  miles  northeast  of 
Oakville,  near  lookout  tower  of  A.  S. 
Post 

80  feet    Center  of  white  windmill  on  land  of  A.  B. 

Hallock  at  intersection  of  Main  street 
and  Beach  road,  in  Quogue 
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TABLE  49 

Secondary  Trtangulation  Stations 


Station-  Location  Structure  Description  of  Station 


Slender.  .  . 
Monahan. 


Amity  ville. 
Amityville. 


Copiague .  .  .  . 
Red  House.  .  . 
Lindenhurst. 
Green  House . 
Anderson  .  .  .  . 
Blatchford .  .  . 


Cockerill.  . 
Houseman 


Paddle  . 
Sammis. 


Copiague  

Lindenhurst .  .  . 
Lindenhurst .  .  . 
West  Babylon. . 
West  Babylon.. 
West  Babylon. . 

Babylon  

North  Babylon. 


North  Babylon. 
West  Islip  


Windmill  

Dwelling  house. . 

Signal  pole  

Red  brick  house . 

Signal  pole  

Dwelling  house. . 

Water-tank  

Dwelling  house. . 

Windmill  

Windmill  tower.. 


Windmill.  . 
Signal  pole 


Higbie. 


West  Islip   Signal  pole. 


Horn   West  Islip. 


Signal  pole. 


Thompson 
Hyde  


West  Islip. 
Bayshore.  . 


Electric.  .  . 
St.  Joseph 
Race  


Bayshore.  . 
Brentwood , 
Bayshore.  .  . 


Signal  pole  in  tree 
Signal  pole  in  tree 


Chimney  of 

water  company. 
St.  Joseph's 

convent  

Water-tank  


Orowoc  

Fire  Line  No.  1. 


Fire  Line  No.  2. 
24-L  


Islip  

Great  River. 


Great  River. 
Great  River. 


Signal  pole. 
Signal  pole. 
Signal  pole. 


Carleton   East  Islip   Flag  in  tree. 


Signal  on  steel  windmill  30  feet  high,  near  east 
side  of  Broadway,  about  mile  north  of 
Amityville 

Center  of  cupola  on  house  of  John  Monahan, 
on  south  side  of  Harrison  avenue,  about 
midway  between  Broadway  and  Albany 
avenue 

Two  by  two  hub,  about  70  feet  south  of  Dixon 
avenue  and  about  half  way  between  Great 
Neck  road  and  Bay  View  avenue 

Center  of  cupola  of  red  brick  house  belonging 
to  Charles  Bassler,  about  ^4  mile  west  of 
Lindenhurst 

Two  by  two  hub  on  west  side  of  Welwood 
avenue  about  1,000  feet  south  of  Straight 
path  (road  to  Wyandanch) 

Center  of  cupola  of  2-story  green  house  (frame) 
belonging  to  W.  P.  Ketcham,  near  Farming- 
dale  road 

Signal  on  top  of  water-tank  near  house  of  C.  F. 
Anderson,  on  west  side  of  Great  Neck  road, 
about  34  mile  south  of  railroad 

Signal  on  top  of  roof  of  2-story  white  frame 
house  of  Andrew  Blatchford,  on  east  side  of 
road  from  intersection  of  Belmont  avenue 
and  Si.  Udall  road,  to  Little  East  Neck  road 

Center  of  windmill  (painted  brown)  on  east 
side  of  Deer  Park  avenue  opposite  Si.  Udall 
road,  on  land  of  John  F.  Cockerill 

Center  of  disused  windmill  tower,  on  land  of 
A.  A.  Houseman,  about  200  feet  east  of  east 
side  of  Deer  Park  avenue 

Not  located  or  marked 

Two  by  two  hub  on  west  side  of  Udall  road, 

about    100   feet   north   of    Muncy's  road 

(Hunters  avenue) 
Two  by  two  hub  on  east  side  of  Udall  road, 

about    r).50   feet   north   of    Muncy's  road 

(Hunters  avenue) 
Two  by  two  hub  about  200  feet  north  of  Long 

Island  railroad,  opposite  siding  Keith 
Not  located  or  marked 

Two  by  two  hub  near  tall  pine  on  land  of  Louis 
Bossert,  about  500  feet  south  of  Muncy's 
road,  on  second  private  road  east  of  Manor 
lane 

Center  of  chimney  of  Great  South  Bay  Water 
Co.,  between  Fifth  and  Clinton  avenues 

Center  of  chimney  at  St.  Joseph's  convent 
Signal  on  water-tank  of  Bayshore  Horse  Show 
Association,  north  of  Islip  boulevard  and 
about  600  feet  east  of  Awixa  avenue  (Brent- 
wood road) 

Two  by  two  hub  in  38th  street,  about  150  feet 

east  of  Commack  road,  north  of  Brookville, 

on  land  of  W.  H.  MofHtt 
Concrete  monument  set  8  inches  under  ground 

about  one  mile  north  of  Great  River  railroad 

station,  on  Fire  Line 
Not  marked.     Monument  set  at  24-L  instead 
Concrete  monument  about  Yi,  mile  north  of 

Great  River  railroad  station,  and  700  feet 

north  of  Fire  Line  No.  1,  set  8  inches  below 

ground,  on  the  Fire  Line 

by  23^  hub  near  high  pine  tree,  1,000  feet 

west  of  Carleton  avenue  and  about  one  mile 

north  of  railroad 
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TABLE   49  (Continued) 


Station  Location  Strlxture  Description  of  Station 


Cutts   Great  River.  ..  .  Signal  on  tree.  .  .  2}^^    by    2^2   hub   near    12-inch  pine,  about 

1,000  feet  west  of  first  trail  or  road  east  of 
Great  River  station,  running  north  from 
South  Country  road,  and  mile  north  of 
railroad 

Steel  tower   Center  of  steel  observation  tower  on  Southside 

Sportsman's  Club  grounds 
Windmill   Pump  rod  of  windmill 

Flag  in  tree   Flag  in  pine  tree  at  intersection  of  Smithtown 

road  and  road  running  north  to  Bohemia; 
not  cut  down 

Signal  pole   2,1'^  by  2^^  hub  on  west  side  Smithtown  road, 

about  one  mile  north  of  railroad 
Flag  on  tree.  .  .  .  234  by  2^  hub  about  150  feet  east  of  Moscow 
avenue  and  one  mile  north  of  intersection  of 
Moscow  and  Carleton  avenues 

School   Centre  of  cupola  on  yellow  schoolhouse,  on 

west  side  Green  street,  running  south  from 
west  end  of  Long  Island  railroad  station  at 
Sayville 

♦North  Duncan..   Sayville   Flag  on  tree.  ...  23^  by  234  hub  1.000  feet  east  of  Moscow  ave- 

nue and  one  mile  north  of  intersection  of 
Moscow  and  Carleton  avenues 

Mill   Holbrook   Windmill   Centre  of  pump-rod  on  windmill  on  Broadway 

avenue,  three  miles  north  of  the  South 
Country  road 

*Xorth  Broadway  Bayport   Windmill   Centre  of  pump-rod  of  windmill  at  intersection 

of  Broadway  avenue  with  Wheeler  road 
♦South  Broadway  Bayport  Signal  on  tree.  .  .  2^  by  234  hub  about  200  feet  east  of  Broadway 

avenue  and  ^4  mile  north  of  railroad 
Bayport  school .  .  Bayport   School   Centre  of  cupola  on  yellow  schoolhouse  on  west 

side  Snedecor  avenue,  about  ^4  mile  south 

of  railroad 

Mott   Patchogue   Flag  on  tree.  .  .  .  Nail  in  root  of  tree  near  house  belonging  to  a 

Mr.  Mott 

Patchogue  school.  Patchogue   Schoolhouse   Centre  of  cupola  on  school  on  east  side  of  Ocean 

avenue  just  north  of  Long  Island  railroad. 

This  is  a  U.  S.  Government  secondary 
Summers   Patchogue   Windmill   Centre  of  pump-rod  on  square,  boxed-in.  white 

windmill  on  land  of  Admiral  Summer 
South  Glover.  ..  .   East  Patchogue .   Signal  pole   234  by  2  3-2  hub  about  250  feet  north  of  Barton 

avenue  and  200  feet  west  of  Robinson's  road 
North  Glover..  .  .   East  Patchogue..   Flag  on  tree.  .  .  .  Located  north,  1,050  feet  of  Barton  avenue  and 

100    feet    west    of    Robinson's    road;  not 

cut  down 

♦Robinson   Hagerman   Signal  pole   234  by  2 '4  hub  on  road  from  East  Patchogue 

to  Yaphank,  about  one  mile  west  from 
Dunton  avenue 

Hill   Yaphank   Signal  in  tree .  .  .   Located  at  summit  of  hill  on  south  edge  of 

clearing,  about  200  feet  east  of  second  wood 
road,  running  north,  about  one  mile  east  of 
Coram  hill;  south  of  Judge  Bartlett's  farm 

Hank   Yaphank   Signal  pole   234  by  2^2  hub  under  giant  pine  in  woods,  100 

feet  northwest  of  intersection  of  Grovey  road 
and  wood  road  running  north  and  south, 
about  li  miles  east  of  Coram  hill 

Signal  pole  23  2  by  2' 2  hub,  one  mile  north  of  railroad  and 

about  1,000  feet  west  of  Bcllport  avenue 

Signal  pole   234  by  2 '4  hub,  1,200  feet  north  of  railroad 

and  1,500  feet  east  of  Bellport  avenue 

Signal  pole  23^4  by  232  hub,  1.2  miles  north  of  railroad  and 

0.0  mile  east  of  Bcllport  avenue 
Church  spire..  .  .   Centre  of  spire  of  white  Presbyterian  church, 
on  the  north  side  of  South  Country  road, 
nearly  opposite  Rector  avenue.  Heliport 

Yap   Yaphank   Signal  in  tree. ..  .  Signal  in  tree  on  summit  of  highest  hill  on 

Vanderbilt  estate,  on  east  side  of  Carman's 
river  and  about  one  mile  northwest  of  Yap- 
hank post-office 


Southside   Great  River.  .  .  . 

Connetquot   Great  River.  .  .  . 

North  Bourne.  .  .  Oakdale  

South  Bourne.  .  .  Oakdale  

♦South  Duncan.  .  Sayville  

Sayville  school..  .  Sayville  


Bellport— M.l. .  Bellport, 

Bellport— M.  .i .  .  Bellport 

Bellport  -M.  2.  .  Bellport 

Bellport  church. .  Bellport 
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TABLE   49  (Continued) 


Station- 


Location 


Structure 


Description  of  Station 


Poor  farm   Yaphank   Water-tank. 

North  Brook.  .  .  .  Yaphank   Signal  pole.. 


South  Brook.  .  .  .  Yaphank   Signal  pole. 


West  Hawkins. .  .  Brookhaven   Signal  pole. 


East  Hawkins.  .  .   Brookhaven   Signal  pole. 


West  Haven   Payneville. 

East  Haven   Pavneville. 


Signal  pole. 
Signal  pole. 


Payne   Payneville   Signal  pole. 

West  Wheatling.   Moriches   Signal  pole  . 

East  Wheatling.  .  Moriches   Signal  pole. 


Prospect   Moriches   Signal  pole. 

Forge   Center  Moriches.  Signal  pole 

Marcher   Center  Moriches.  Signal  pole. 

West  Center.  .  .  .  Center  Moriches.  Signal  pole. 

East  Center   Center  Moriches.  Signal  pole. 

Reeve   East  Moriches. .  .  Windmill.. 


Roman  Catholic  East  Moriches.. .  Roman  Catholi 
church   church  


.  Centre  of  vane  on  water-tank  of  County  poor 
farm,  about  H  mile  northwest  of  Yaphank 
railroad  station 

,  Located  600  feet  west  of  Brookhaven  road, 
about  0.7  mile  south  of  Yaphank  poor  house. 
Not  marked  by  hub,  but  by  azimuth  stakes 
near  South  brook 
Located  500  feet  west  of  Brookhaven  road, 
about  1.2  miles  south  of  Yaphank  poor  house, 
on  land  of  F.  Terwillinger.  Not  marked  by 
hub,  but  by  azimuth  stakes  on  line  to  North 
brook 

,  Located  500  feet  east  and  about  700  feet  north 
of  junction  of  South  Country  road  and 
Brookhaven  to  Yaphank  road.  Not  marked 
by  hub,  but  by  azimuth  stakes  on  line  to 
East  Hawkins 
.  Located  900  feet  east  and  about  2,000  feet 
north  of  junction  of  South  Country  road 
and  Brookhaven  to  Yaphank  road,  on  east 
side  of  cleared  field  on  land  of  Miss  Emma 
Hawkins.  Not  marked  by  hub,  but  by 
azimuth  stakes  on  line  to  West  Hawkins 

Two  by  two  hub,  1}^  miles  east  of  Carman's 
river,  and  1.8  miles  north  of  South  Country 
road.     Point  is  600  feet  east  of  wood  road 

Located  miles  east  of  Carman's  river  and 
1.7  miles  north  of  South  Country  road. 
Point  is  1,000  feet  east  of  wood  road.  Not 
marked  by  hub,  but  by  azimuth  stakes  on 
line  to  West  Haven 

Located  1 M  miles  east  of  Carman's  river  and 
0.4  mile  north  of  South  Country  road.  Not 
marked  by  hub,  but  by  azimuth  stakes  on 
line  to  Mastic 

Located  40  feet  west  of  Forge  River  road, 
between  Twin  lakes,  about  mile  north  of 
South  Country  road,  on  land  of  R.  L.  David- 
son. Not  marked  by  hub,  but  by  azimuth 
stakes  on  line  to  East  Wheatling 

Located  600  feet  northeast  of  Forge  River  road, 
between  Twin  lakes,  about  }■>  mile  north  of 
South  Country  road,  on  land  of  Henry 
Walterling.  Not  marked  by  hub,  but  by 
azimuth  stakes  on  line  to  West  Wheatling 

Located  300  feet  south  of  road  between  Twin 
lakes,  0.7  mile  north  and  0.7  mile  northeast 
of  South  Country  road.  Marked  by  azimuth 
stakes 

Located  on  land  of  W.  F.  Smith,  }4  mile  north 
of  South  Country  road.  Not  marked  by 
hub,  but  by  azimuth  stakes  on  line  to  Terry 
No.  2 

Located  on  land  of  C.  A.  Marcher,  0.9  mile 
north  of  Center  Moriches  railroad  station 
and  1,200  feet  west  of  road.  Not  marked 
by  hub,  but  by  azimuth  stakes  on  line  to 
Terry  No.  2 

Located  on  railroad  right-of-way,  .30  feet  south 
of  track  and  30  feet  east  of  e.xpress  house. 
Not  marked  by  hub,  but  by  monument  on 
line  to  East  Center 

Located  on  railroad  right-of-way,  40  feet  north 
of  track  and  2.530  feet  east  of  express  house. 
Not  marked  by  hub,  but  by  monument  on 
line  to  West  Center 

Center  of  brown  windmill  tower  on  land  of 
H.  M.  Reeve,  one  mile  north  of  East 
Moriches  railroad  station 

Center  of  light  grey  spire  of  Roman  Catholic 
church,  on  the  east  side  of  the  South  Country 
road.  2.000  feet  east  of  East  Moriches  rail- 
road station  and  1,000  feet  north  of  railroad 
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Station  Location  Structure  Description  of  Station 


Steinker   Eastport   Water-tank  tower  Center  of  white  tower  carrying  water-tank  on 

land  of  Charles  Steinker  on  Manor  road, 
}  -2  mile  northwest  of  Bayside  Inn  and  ^  mile 
northwest  of  Eastport  railroad  station 

Seatuck   Eastport   Signal  pole   Two  by  two  hub,  150  feet  west  of  wood  road, 

}-4  mile  west  of  Long  Island  Country  Club 
and        mile  north  of  North  Country  road 

Bald  road   Eastport   Signal  pole   Xail  in  root  of  tree  500  feet  west  of  first  wood 

road  west  of  East  Branch  creek  and  1  }4,  miles 
north  of  North  Country  road 

Fordham   Speonk   Windmill   Center  of  brown  windmill  on  land  of  W.  H. 

Fordham,  600  feet  south  of  Speonk  railroad 
station 

Remson   Speonk   Signal  pole   Located  1,500  feet  east  of  East  Branch  creek 

and  1,000  feet  north  of  North  Country  road. 
Not  marked  by  hub,  but  by  azimuth  stakes 
on  line  to  Terry  No.  2 

Westhampton        Westhampton.  .  .  Church   Center  of  tower  on  southeast  corner  of  Metho- 

church   dist  church  on  the  north  side  of  Main  street, 

midway  between  Speonk  river  and  Beaver- 
dam  creek 

East  Spire   Riverhead   Church   Center  of  east  spire  of  Polish  church,  on  the 

north  side  of  ("cnutcry  avenue,  about  1,500 
feet  west  of  fair  ^rnunds 

Beaver   Westhampton...  Signal  pole   Located  150  feet  west  and  'o  mile  north  of 

intersection  of  railroad  and  South  Country 
road.  Not  marked  by  hub,  but  by  azimuth 
stakes  on  line  to  Osborn 

Deacon   Westhampton..  .  Signal  pole   Located  400  feet  east  and  114  miles  north  of 

intersection  of  railroad  and  South  Country 
road.  Not  marked  by  hub,  but  by  azimuth 
stakes  on  line  to  Osborn 

Court  House.  .  .  .  Riverhead   Court-house.  .  .  .  Center  of  cupola  of  court-house  on  the  west 

side  of  Griffin  avenue  near  Riverhead  railroad 
station 

Tower  mill   Riverhead   Tower   of   grist-  Center  of  tower  on  northeast  corner  of  F.  L. 

mill   Griffin's  grist-mill,    on    the    west    side  of 

Peconic  avenue  and  north  side  of  Peconic 
river 

Hampton   Westhampton.  .  .  Signal  pole   Two  by  two  hub,  200  feet  west  of  second  road 

east  of  Westhampton  railroad  station,  and 
3,000  feet  north  of  railroad 

West  Head   Oakville   Signal  pole   Two  by  two  hub  on  north  side  of  hill,  100  feet 

west  of  bicycle  path  from  Quogue  to  River- 
head and  N.  Y.  &  N.  J.  telephone  line  and 
.3.1  miles  south  of  Peconic  river 

Oak   Oakville   Signal  pole   One  by  three  pine  hub  on  stadia  line,  miles 

north  of  Quogue  railroad  station  and  300 
feet  west  of  Quogue  to  Riverhead  road. 
Station  G19  AA  on  traverse  line 


♦Hubs  have  been  replaced  by  concrete  monuments 


PLATE  31 


i 


PLATE  33 


station  "  Wcllwooci  "  at  Lindcniiurst 


I 

I 


Station  "Vulcanite"  (water-tank)  at  I.indeMhiir.st. 


PLATE  35 


I 


PLATE  36 


PLATE  37 


station  "Keith"  iii  Fiayshiorc. 


PLATE  38 


station  "  liosscrt  ' '  (water-tank)  at  Bayshore. 


PLATE  39 


PLATE  40 


PLATE  41 


PLATE  42 


PLATE  43 


station  "Oakdalc"  ( wiiidir. ill )  at  Oakdalc 


PLATE  44 


Station  "  Flolt  svillc "  (towoD  at  Holtsvillo. 


PLATE  4 


Station 


station      l»atcli()f,nic  -  aowcr)  at  Patchogue. 


PLATE  46 


PLATE  47 


PLATE  48 


station  "Yaphank"  at  Vaphank 


PLATE  49 


PLATE  50 


SI al ion 


Kayrior 


(lower)  al  M aiiorvillc. 


PLATE  51 


station    ■  Farnswort  h  "  i  windtiiill )  at  Center  Moriches. 


PLATE  52 


station  "  ("onvcnl  "  (  water-tank )  at  Kast  Moriclics 


PLATE  53 


PLATE  54 


Stalioti  "  Uallock      i  u  i  ik  I  iii  il  I  <  at  (^uotjiic. 
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SHEET  156 


SHEET  157 


SHEET  158 


SHEET  159 


HOUSMAN 


(  

B.W.S.  010 


SHEET  160 


SHEET  162 


SHEET  163 


SHEET  164 


BELLPORT-M-Mi-M, 


M  I 

K3  (4S58-46-  aSE 
trom  Huh 


from  Hub 


W-HAWKINS 


Tree 


Pasture 


16  "  Oak  ivifh  f/og 


5.  BROOK 


To  North  BrooK 


5B3 


^  fe  deed  pina 


No  hubs  at 

North  BrvoH 


4  It 


n.VV.S.  534 


S.BI. 

l«.tZ'' 


582. 


4^71" 

ikiapine 


I 


Nail  in  4-" 


inE  side  of 
tree 

To  nail  in  N. 


SHEET  165 


SHEET  166 


K.W.S.  538 


SHEET  167 


WE.5T  HAMPTON  CHURCH 

I  inccnter  o#7o» 


Noil  in  5"  pine 
carruinqf  laq 

Hub. 

Z'tZ  Hob 
Undtr  flo<f  f,? 

n  af\  in 
J"  pine 


H/\MP7fON  Nailin4-"p!ne 
Stvjmp^"nigh 

^Na.lin3"p.ne^V!„:,.,, 
NailiryM   /'•"'in  5 

.i^-  A.- 
Na.Tin 
Z"  pine 
HI     "^'^Nai'l  in  li'pine 


OAK 

Denie  Woods 

TacKin8"0<lK  • 

TocK  in2  0oK 

/  0                        rocKin5  OoK 
TocM  ;n3'  Pine 
675"   


^5.-  f  °*TacKin3'P, 

TacKinlOoK  TocKin3Pin«. 


WE  5THEAD 


PJa^  in^-'  Oah, 
2S>3  from  3fz3.Hoh 


2\Zt>-ronaii 
8  OOK 


SHEET  168 


HOSPITAL 


.  \ 

-  6.1\  - 

Low.^  Blind 


ST.  DOMINIC 


Poinfs  in  posts 
iflAfktd  bj  copper 


^9  \if> 


Top  of  Waier  Tan 


BELMONT 


SHERMAN 


T 


Flagstaffcf 


Plalform  of  Windmill 


Roof  of  Cupolct 


B.W.S.  5oy 


Aec  I5tfl5 


SECONDARY  TRI ANGULATION  STATIONS 
AZIMUTH  STAKES 


Z4-L 

13.31  \  ..^^^.^^ 

^Monument  set  8 
EI72-^\  \    below  eurface. 


,>    A  *  ©•■  Pine. 


V\  W.  Bayarri  Cutting 


note:  \  V\ 

Fire  Line  No  Z  ^hich  ;  ^'^"^  ""Vne  No.) 
t/as  not  monumented .      \  \"r 


SHEET  169 


SHEET  170 


AQUEDUCT. 


Tin  Flooring-  »l 


Picket  Roiling  2'  high 


5fo.  1 3 noil  ir»' 

cenjtr  of  flog 

btoff  over 
o«JI. 


Bell  Tower  Floor 


METROPOLITAN 


5rQjstncA  in 


Ob»ervallon  Tower  Flcor 


ROECKELS 

wm»dtn  Rail  f-cnc* 


PROSPECT  WATER 

TO  WE.f^ 


ACC  15687  Cu polo  Floor 


RIDGEWOOD 


Top  Floor  o(  lower 
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TABLE  52 


STATION! 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

From  1  To 

HOSPITAL 

136  -38-30.3 

£56. 3B 

N.     4  905.396 
E.  150  964.124 

M.I 

H.I 

H.Z 

7  -  .5  4-  -50.0 

651  . 1  4- 

2S.G0 

N.     4  1 1  9  .  49 
E.  151  14-0.  14 

H.2. 

A 

210-  56-00.0 

5  11.4-1 

31.ZC 

N.    5  344.62 
E.15I  227.64- 

HI  IIA 

2.16-Z.7-00.0 

679. Ol 

N.  4-816.3 
E  150  267.e 

ST.  DOMINIC 

226-07-22.4- 

977.23 

N.   12  243.660 
E.ISfe  399.455 

D.  1 

D.  1 

D.^ 

26  ?J-A1A 

895.92. 

N.    11  566.33 
E.  155  695.05 

D  2 

A 

112-  I4--52.4 

331.26 

N.  \Z  369.0ft 
E.I56  092.^6 

WELLLWOOD 

34--24-59.I 

56B.49 

N.     1  51  9.3-93 
E:.I64  813.911 

A 

W.  1 

W.I 

3A5-56-29.0 

546.36 

N.     1  55\. 01 
L.165  24  1  .3B 

W.  Z  A 

t05-04-l9.0 

553.80 

N.     2  081. 01 
L.165  108.67 

B.W.S.  4:51 

STAT  \0N 

AZIMUTH 

distance: 

ELEVATION 

COOF\OINATES 

@ 

From  1  To 

VULCANITE 

302-29-29.7 

396.39 

N.  5910.196 
E.165  182.178 

A 

V.  1 

V.  1 

V.  ^ 

61-01  -19.0 

613.90 

N.    6  123.13 
E.165  441.84 

A 

Z01-01-Z9.0 

50a.06 

N.     6  361.19 
E.  166  01  3.03 

BEILMONT 

2  Z9 -46-30.7 

786.33 

N.   21  046.060 
E.I72  791.985 

A 

B.  1 

B.I 

6-55-51.3 

6B0.73 

N.  20  540.36 
E. \1Z  191.60 

A 

101-57-23.6 

544.11 

N.  21  216. 11 
E.  Ill  219.15 

SHERMAN 

^ll-^s-26.o 

180.20 

N.     9  420.438 
E.  118681.612 

A 

S.  1 

5.  1 

13-39-26.0 

544..  75 

N.  9443.72 
E.  118  508.98 

s.^ 

A 

231-39-56.0 

193.94 

N.     9  540.73 
E.  178  839.80 

629 


TABLE   52  (Concluded) 


STA-riON 

From  1  To 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

@ 

KEITH 

l7^-lo-53.^ 

N.   Z7  348.248 
E.  187  929.628 

A 

K.  1 

K.I 

K.e 

342-18-4-9.8 

605.64 

N   21  016.  29 
E.I87  945.97 

K  2 

A 

ei  -09-ai.7 

296.3Z 

N.  27  593.31 
L. 181161. 98 

U    ^  A 

16  1  -49-16.0 

BOS 

SERT 

Bt.  / 

33\-  15-  IZ.Z 

3  463.08 

N.  14  146.995 
E.  193  834.207 

Bt  I 

Bt.  2 

246-09-02.1 

849.46 

W.    17  183.26 
E.  192  168.69 

Bt  2 

A 

165-16-09.5 

3494.S0 

N.  17  526.73 
E.  192  945.62 

I5L 
A 

IP 
I.  1 

62-27-31.4- 

484.52 

N.  23  668.908 
E.Z09  082.488 

I  1 

I.  2 

I52-37-Z7.4- 

4-38.18 

N.  23  892.95 
E. 209512. 1  1 

I  Z  A 

a84-39-a8.e 

652.33 

N.  23  503.84 
E. 209713.59 

B.W.S.  41'! 

STATION 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

@ 

From  1  To 

CENTRAL  13LIP 

166-  IZ-  12.6 

5  755.37 

N.  42  5Z6.I78 
E.2I2  285.131 

A 

C.I.  1 

C.I.  1 

C.l.  2 

292-05-47.6 

581.00 

n.  36  838. 16 
E.2I3  163.06 

C.I.Z 

A 

351-  13-32.6 

5  43Z.08 

N.  37  250.8  1 
E.2I3  580.53 

196-48-02.0 

195.00 

N.  42  526.178 
E.2I2  285.131 

C.I.  3 

C.l.  4-. 

351-26-49.5 

361.45 

N  42  333.50 
P.2IZ  ZZ&.  11 

C.I.  4 

A 

147-10-58.7 

203.18 

N  At  696.95 
E,  2L1Z  115. OZ 

EAST  BASE 
VULCANITL 

195-34-08.1 

N      M  6  0  7.  29 
E   1  <S7  369  .  S  O 
N        5  5  1  O  .  Z  O 
£165-152..  (8 

TO 
STDOMINIC 

273-19-12.1 

N  11245.66 

E.  i5G533,A-<£> 

WEST  gfrSE 

VULCANITE 

i54--oo-za.7 

N      1  A- 3  7  5.28 
E.  1      1  6  5  4-.33 
N        59  1  O.ZO 
E.16S  76r  le, 

T  O 

STDOMINIC 

24-7-55-211 

N.  1724366 
E.l56333.4<o 

H.VV.S.  440 
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TABLE  53 


STATIO  N 
From    1  To 

AZIN^UTH 

DISTANCE 

ELEVATION 

COORDINATES 

® 

SLENDER 

3  10-01-4-6^ 

^65.6o 

N.  I)?60.03 
E.  149994.41 

@ 

51  1 

51  Z 

172-04-32.9 

N.  11769.31 
E. 149721. 46 

512 

@ 

36-05-16.3 

356,48 

N.   >  141  t.8S 
E.  I  497  74.00 

MONAHAN 

4-Z-06-  26.9 

151  .S3 

N.  8168.06 
E.I  527IS.89 

@ 

M.  1 

M.I 

M.2 

281-00-453 

Z24.  IZ 

36.08 

N.  8280.48 
E. 152817  .49 

M.Z 

@ 

321-40 -10.3 

J  95.22 

36.91 

N  8323.29 
E.I  52597.5! 

COPAIGUE 

20.03 

N.    4716  .4-6 
E. 155847.05 

RED  house: 

147-27-  150 

2040.74 

M.   5927  .89 
E  l  59525.91 

© 

RHI 

RH  1 

R.H.2 

248-33- 5S0 

7/7.46 

N.  4207.62 
E.  1  60623.78 

R.H.2 

347-45-40  0 

2028.56 

Nl.  3945.43 
E. 159955.95 

fi.W.S.  411 


STATION 
From  1  To 

AZIMUTH 

DISTANCE  ELEVATION 

COORDINATES 

® 

LINOENHURST 
ROAD 

281-19-36.6 

ST.  DOMINIC 

33. 30 

N.  11226.49 
£.  161  477.S3 

GREEN  HOUSE 

137-49-10.0 

22  2.90 

N    14  029.25 
E:  169.  425.90 

© 

GHI 

GH.I 

G.H.2 

292-14-00.0 

431.07 

34.91 

N.  13. 864-. 07 
E  169  575  ."57 

CH2 

© 

89-31-30.0 

249.36 

33.60 

N    14  027.18 
L  169.176  .55 

ANDERSON 

54-28-56.5 

311  86 

N.   7  406.75 
E.I72  265.62 

© 

A.I 

A.I 

A2 

166-5^-06.5 

373.27 

N.    7  587.92 
£1.172  SI9  .45 

A  2 

© 

2  98-19-  16.5 

384.44 

N.    7  224,36 
£.172  604.04 

BLATCHFORD 

168-05-38.0 

224  59 

N    12  565.00 
E.I72  627.67 

@ 

Bl  1 

Bl  \ 

Bl  2 

322-  08-38.0 

407  04 

e5.09 

N  12.365.19 
E  17267401 

61.2 

© 

116-32-280 

22743 

25.32 

N  I26efa.57 
E. 17242421 

It  W  H  442 
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TABLE  53  {Concluded) 


STATION 
From  1  To 

AZIMUTH 

DISTANCE 

ELEVATlOMj 

COORDINATES 

COCKERILL 

226-53-14.8 

74-1.2Z 

N.    Id  94b  .  96 
E.I79  441.91 

@ 

C.I 

CI 

346-18-31.8 

548.46 

N.  16433.37 
E.I  78300.78 

C2 

© 

92- 14-41.5 

671  4-3 

N.     Ito9  7  2_26 
E. 178770.99 

H0U5MAN 

237-32-57.1 

615.41 

Kl.  23  590  . 30 
E.I79  801  .23 

@ 

Ho.l 

Ho.l 

Ho.E 

5-20-27.1 

324  68 

N-  23  260.  09 
E.I79  281  -91 

Ho.E 

© 

69-11-  \2.l 

4-89.14 

IN  •  Co  a  oo-  Ob 
E  173  312.14 

© 

H.3 

79-23-21.1 

4942.77 

N.  23  590.30 
E.179  801. 23 

Ho.3 

201-08-311 

528.59 

M.  24  500.45 
E.I84  659.48 

Ho.4- 

© 

264-  53-51.1 

46d£.03 

N.  24  007.07 
E  184  468.  69 

PADDLE 

N.  29  494.49 
E.I80  549.38 

B.VV.S.  4SI 

STATION 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

® 

From  1  To 

SAM  MIS 

T  O 

H  »GBIE 

22-04-288 

51Z.56 

3a. 75 

4-0.02. 

N.     20  316  . 13 
E.  I8S  276  .4-8 
N.     20  790  .90 
E.I65  46S  .03 

HORN 

25.35 

N,  14  833.15 
E.I86  706.27 

THOMPSON 

N.  25  190  .36 
E.I90  484.18 

HYDE 

N    21  8  59.78 
E  191  e  86:47 

ELECTRIC 
STACK 

N.   20  916  .60 
E.  195  8S5.3Z 

ST.JOSEPH 

N.  3783S.77 
E.ZOI  lOT.Ob 

RACE 

207-  14-12.8 

1001.66 

N.  25  537.52 
E.202  382  92 

® 

Rl 

R  1 

R.Z 

34e-Ao  41.9 

1  1  29.69 

3  0.Z4- 

N.  24  646.9  6 
.E.20I  924.49 

R  Z 

© 

108-28-04.6 

6^16.71 

35.  ZO 

N    25  758.22 
E.20I  722  .09 

OROWOC 

W.  30  326.84 
E.  205  329.28 

RED  HOUSE 

329-52-05 

2079.89 

N.    5  927.89 
L.i59  525.91 

RH3 

R  H4- 

T6-20-4-5 

723,78 

34-.80 

N.    7  72  6.73 
E. 158  48  1.82 

R.H  4- 

e 

no-u-05 

1998.96 

33.33 

N.     7  897.59 
E  159  185.  17 

to 
Z 
o 

h 

z 

o 
•J 

Id 
10 


z 
o 

h 

"7 

(0 

<^ 

D 
Z 

o 
u 

u) 

«0 


H  W.S.  482 
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TABLE  54 


lOCflLfTY  \  iSTAT/O/V 

CdORD/NftT£6 

.  D£6C  ff/PT/ON  cr  B  M.  Q) 

West  of  RRSn 

.  15LIP 

z-b.eth  90d 

Z0*f,082  463 

/^  .082 

&M.   Az  3rAKS  - 

RC.Oh.E5iDt 
Garleton  /Kve 
'/i^M  5o  OF  5ra 

CENT  I5LIF 

42.526  1 78 
ZI2.Z8S.I3I 

80  /46 

Bolt,  iri  Rpor  or  M APLE   E  of- 
Carletou  Ave  -  40' No  of  <a  5/a 
3Ea  NoTEi>  APR  2 

Cutting's  We 
E  OF  &«Tr  Riv. 

li.  OF  UlRR- 

CUTTING 

222,f/6440 

2f  525 

H  £  COR.-  NE  FOUNDATION. 

Notes  Apr  is 

FG.  Bournes 
W.M.  Nt^K 

OAKOAUe. 

OAKDALE 

2I,55B  058 
237,0476/6 

I9.062 

Az.^fAHa"^/  6FTH0FL1RR 
2^? '  W.  OF  BouRh/e  ^oAD.  ^ 

3e£  aJotes  MavZ 

C  OF  CoPOLA 

HOUSE.  N  OF 
LIRR  ATCORVS 
4-000  FT  W  oFSr^ 

RONKONKOMA 

49,993  42/ 
233,2/7  203 

103.63/ 

Stake  at  end  of  BA^eLi/^E 
BM.  311.             ^^^^^  /^p^2 

Lace  Mill 
WTank.  W 
Part  of  Pato^ 

Patch OGUE 

^5,767 297 
26/.686366 

/4-  327 

B.M:  Bolt,  //v  Ladder  Leo  of 

PATCHOOt/e.TAI^H.   AT  STA 
Not  Eh 

Tower  800' 
e.  OF  R^  5t/^ 

H0LT5\/ILLE 

82,8/7  897 
286,520  4i  5 

/c6S^5 

BAf:    Az  5TAKL  UNDER  TOtVEA 
3 EE  NoTet>  Apr  z 

LAN&UF  Yb 
WiNO  M.Lu 
Be  LL  PORT 

Bellport 

34,247  /Z5 
267/7/  254 

31  12 

Ground  under  tov^er 

3££  NoTEi  MAf/S 

4M.  N  OF  B'por 
WTa^K  LIRR 
AOT  Exp 

PLAIN  f'lD 

55.689  584 
277. /22  633 

/o63Z<7 

3.^  Cor  of  Coajcrcts 
3/^-'  Foundation   of  Tower 

3 EE  Nates  May  IS 

Note:  All 
£lewa.t(oki» 
Refo  to 

R\/y/6  DATUM 

b.w.s.  394 


TABLE  55 


633 


22  92 

/S/ocA/VofScAool 

Canter  of  cupoh 
on  3cJiool-  house  on 
Green  5frMt,  3ayjf,/,  ■ 

2S3, 00€  0  7 

Opprox 
23/63 

Center  of  cupola  <f 
5chool-house  ori 
Snedecor  A  v€,  Sia^r  : 

abouf  one  mi/c 
W  ofOokdale 

/&209.  7/ 
22  7 03 1.15 

-Purr^p  rod  of  \/vind 
mi  II.  W/  nd-  mUl  t~ 
tank  S/mihrlo  Cuir.n^ 

Aiou/  one 

A// 1. 1- 

4-SS^3.  /A 
249/9  7.91 

Center  of  pi/mp  rod 
On  wind  mill  on 
3'wof/  A^e.3ni  N..5Ck 

4ZAJ/.2A 
2S  7-4  7  7  40 

/vi?^  /r?  fraa  near 
house  of  /^r/^ott. 

34-3 S3  76 
26432  3  6S 

/S  €3 
S  S'de  of ScAec/ 

/3.  IV  3. 

rtrati/cad  /-o 

40  €24  3S 
2  76 /SS.  86 

frcrrr/T '^Astyc'^  /ip/ifii4 

B£LLPO/?7 

2S5<Z'30.02. 

C^/rt^ro/' 6^/t  c/rJi^<!-f* 
o/'  fvtr/t'^  c/r-^/rc/r  0/7 

aioo/  one  and 
one  ho/f  mi/as 
a:  of  So/f'>//e 

32  BO 7  02 
243,306 S4 

^8.4S7 

S2-  SS~^.9..^ 

/^o/Jm  )t/'  //7Qrt>fr?y 
^Oa<yr  /So  s'  or  A7c.^oyt 
/^li  ^  //V/V  cf/rrtof 

/■/oiCOf/.)  Cr<//'/cVfe/7//»fe-.'5 

£V?»,  /fcr//"  /7!'//t  \3 

3349334 
Z442ZS.  36 

47698 

j^/ap  //7  p/rre  Tree 

/ceo  £"0^ /'7ojco/t  j^i/^ 
s.  /  /V/V  0^ //rt  a/' /Tc»J£«/v 

o 


or 
<: 


B.w.s.  :;rtc 


loc/fL/rr 

CO  OPD/^/ITf^^ 

/4  z /A^a  TV/ 

aiout  one  /r>i/s 
V/V        So  y  v,//e 

/a/ 

29^20  6/ 
239  7^S  /4 

-4  6  /SS 

Ji2S-OS'.:i/> 

0/'<?^//<y  C/7  *V  J/lTfe- 

.J/TT/t/r/oi^//  Al/  ^^roc/l' 

//v/^<yr  /^/^ 

Boofff^f:  y^z  Pr 

3/297  /O 
236^439  72 

so. 

/^-dy  //7  p/ne  t/se 

■Tt  '///  c  /^/7T/////c,;  // 
A  '/  r/  /-  ///r/zz/A)  ^ 

Zi.^-//.-r-//r 

O6oc/t  one  /ni/e 
^  of  BluePoint 

StfOAD  *v>«  y  ® 

/V 

3303/  72 
249  S 79 83 

40  08/ 

M^.'3-P7'^0 

/Vorjfjmerrf  //"A  //? 

arai/nc/jSoc/r&c 
or  ffr>r^</^0u  ^i^c 

^Scc/^o/ne: 
XTT//.-  /V  or- 
a/e/e  /'oMfK 

r 

3S962./4 
249 3 34 6S 

//o/e  ^// f/eyotions 
reduced  to 
B      s  da/um 

/'ji*A7//eA/c^ 

Ahrui%t/5//p 

Ca»L£  TCA//42 

Z/2  299  S-/ 

r/ag /f7/7/<^hp/t7e 
tree/000  'h/ofCarj^/bf. 
/9\re./r7t/of/T'/T' 

/t/i<-  <y/  //vf-t 
ii</.^/rcy:i  c/'r/*r 

Cut  ts  @ 

/v^r  /---/  ->/*/>y//  o/r^f</ 

CuTTsAz.  Ft 

J/  7^5  ■<£>3 
2^73977^ 

One  m,/e  t/  ot 
C:itt  Potchoyue 

CLOv£:Pf  0 

4^403/0/ 
2  7////.  7/ 

ji'/z  xz'/i  t7cy6  /// 
groc/*/  ^^.'^^So'  /V 
of^-frfo/Z/fye'd  2£>c  /vr 
of yfo^'dso/?:^  /Vca\/ 

C/fe  /n//cAf  or 
^^sf'  ^itMj  y^  ■ 

^43^.S6 
2  7// 23 46 

/c5o'  A/ c/^  S-rrtor? 

/^I^C          /OO'  ^of 
/foA"r^<^7  f  /fSi^i/. 

B.W.S.  397 


634 


TABLE  r)() 


AZ/MUTH 

3  as- 33- ZS-^ 

3304  S/ 

/V.  J  2  7 

3S7672g7 
Z  61  BBS  366 

/"a  / 

A 

a/ if-/ / / 

38,  7-f3  3  7 
Z6^,//S  /8 

s.7^^■  /,■/ 
^^ctr-  /7if'  «c^y^vj*^ 

^  / 

Pa  2 

8 8- 7. 

-4099. 0£S 

3^  /S  7 

38,  6/S.  0-4 
26C>,  O/S  O'^ 

Pa3 

3574  72^7 

7/ 2S  80 

S/  30S 

378^8  S& 
2S^,88S  6^ 

3^,8/S  2£ 
2S^^3S2  -^3 

n  a  0.85 

4-3^93.  ^2/ 
233  2J7.203 

fio  1 

70  ~  a/ -S9  ^ 

231794.^7 

cv/  '/V///  ^Y'i^  '/t/  cf 

/?o/ 

74/.07 

/€,(  /^v 

49,59^.64 
232,096.55 

^  /AW            i'Ay  • 

r/3  ^  S  ^^p/^/ 

■? 

7i 
O 


B  W.S  450 


r'-a'T.  -To 

/^^£rk^A  T/a/^ 

77^SC/?//=  T/or^  ^) 

774    54-  2/4 

7^24  // 

54 

o/  » c: 

PF  / 

© 

24  35  57  2 

7^60  6  7 

S6S66.4S 
2SS^90.S.a 

^on  /'/fT  ^rocn^  f^^^ 

pre 

2S7-36-4^ 

729  73 

S09/9 

S7/2S /2 
290Z02.S£ 

><  ^v'  /.  ,  ,7Ca  '  (Jc)^} 

65-0/ -46  2 

/  726.5  O 

49,993  ^2/ 
255  2.7205 

A 

/?o  4 

/To  3 

A 

26 5-0/- 46.2 

72635 

SCO  6/57 
253  93Q./8 

/^o/7umen7/f7  /n 
7-0  7/o/7t>y/7/e  A 

/To  4 

/fe  3 

265-0/- 46.2 

3  9S.95 

J>020S  9a 
754  330.74 

do 

< 


u.w.s 
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TABLE  57 


r2.mTI.aN 

/rom    1  To 

a7 / Ml  ITLJ 

DF'^/^/PT/O/J  r\\ 

dCLLPO^T 

2Q1-385 

N  3^1-24-7./ 25 
£267n/.254 

Cen/e.T'of/.orra/eus 
/^//  nc/mi//  '/z/^£. 
o£Se//pc>rr  P.O. 

85 

O3<o 

A/3^2/7.  V&O 
£236697/25 

2X20aK  hob  3. 

J/O't:  -^/^  •£!  CJ- //^U£ 

QhJ 

A/3^</~7e.404 
£236997.963 

/>o/fo/7?  oTs/o^ 

r/C 

//'^e973./49 

£3oe^23//e 

9</ tower  U///T  ere 
mop  mf  Ss/c/odsf 

Ma 

/\ 

37  /■  /~i 

A/49336.9/0 
£306549306 

^6/7roo'/T}/A/5/(/eo/ 
sc  /f<y  one/  zoo' h/ 
of^/Tj  6renmo/j/5 

/V/ 

Ma 

723  7G 

/V495/3./93 
£30725/-292 

exemonmf.M  5/de 
0/  //enr/ef/b&cn/on 

33-03-// 5 

^c5<?e  7// 

A/e4  65  2.403 
£3/5579649 

^0  fowsre/^e-  rpon 
sef  an</er  on  ProsfiM 

/V///  30C0  3  ore:,  c . 

/70-/6-393 

3/95257 

A/ 63  00 /.767 
£3/5040-05/ 

/von/77t.  // 
j/t/e'  A/a//73/: 

/p/ 

aeO'3/-509 

/ 35 9.274 

/^ese63.299 
£3/8059.504 

6x6  moo'/n/A/Sfde 
5/^  cor  o^e^hpd/i/t 

250-^3-557 

566. 5/e 

A'66439.675 
e3/€)7/6.75/ 

6x6  mor?  'mf  ^/3of 
r/airrSt  SO'^^ofrc/ 
to/V,  rro/vor. 

£iZ//^UTH 

D/5T£I/VC£ 

armr/OAj 

Z0O/?0imT£5 

0£5C/?/PT/0N  (2) 

%om 

2 57 '45-261 

//49.2e3 

/\/6e245.473 
£3/6/63/98 

6x6/7?Q/7mf3  Side 
/^c///7  3/30  t^of^ 
e^/rc}(7CG  ^/7oc/^ 

/\/47407.  90 
£32663374 

Center  of//  S  /i^r/n 
i-y^or/h  ^  Wf/Tarr?/// 
Occorf/^ve.  Ozrr/pf 
A7ar(c./ie.5.i-  f 

£C/ 

2e-04-4/^ 

4  3^2. 2  3 

A/C/ 

/  73-22-227 

3/25.e>7 

A/ 5a  5/2-69 
£326323  03 

6x6  /7?or?  o/7^<^p/de 
0/- ^  //r/y'r/Q/rrorrrrv 

B-^<^a'^orc/>7  ' 

£C/ 

A/C/ 

252-52-097 

2526  96 

/V 5/ 256-72 
£32374/94 

6x  6r77a/7  oo3  S/i^ 
of/.//?-/?rorJY3<DO 

W503Se^J4 
£336573606 

Ce/jf'er-of /ox<^5t 
iY<f/er  /ar?Kof  £  ^ 
/^Oriche3  Conine nt 

CI 

/6-54-5797 

573373 

C2 

3O6-I2-50.57 

652257 

//5000/053 
£:339/0'J^653 

<6x6rr>orf.  on£. 
S/c/e  of  r</  fo  beoc/. 
oppo5i/<zG>rtvear 

C  1 

cz 

336-561991 

/oo/  n 

/^50935557 
£336745-619 

6X6  mor?  on£ 
5A/e  orra'-  ro 
beoc/f 

h//L/</N50N 

04-07-56.5 

A/52552-546 
£36/566-566 

Ce  nf'er  ofMf/oc/m// 

A// 

/<67  2.993 

o/^l?rf7/V/y////C/f73on 
Or?ecK 

305-36-/I6 

/^4/93 

^^5/533705 
53e>2  919  666 

6  A-e  r^or?  or?  £^  . 
ro  W //  fx'/f  3Ao^ 

/95'/<a007 

//Q/  57 

N52723.577 
£3e3230.794 

^x&nTar?  0/7 S 
s/c/e  o£  5  0/7?^ 
rt^  C75  /v<<^ 

636 


TxVBLE  57  {Continued) 


.^TAT/OA/ 

Azimuth 

Distance 

Elevation 

COORD/NA  TES 

Descr/ption  (3^ 

Baldroad 

17/ -SZ  -28.4- 

4-5  6  54 

67,568.  II 
549,164.69 

2.2  OakMuh  So' 
west  of  fra// 

Secondary  marked  by 
SpiAe  in  roof  of  tree 

B.I 

SouthBrook 

172  -  59-05  2 

29.88 

SI,  70S  554 
291,095  018 

6  »  6  Con  Man 

S.BI 

S.B2 

172-33-052 

508.74 

52,180  460 
2  91,  055  76S 

2 "2  Oak  Hub 

© 

172-59-05  2 

930  78 

32,616  868 
2  90,977  22/ 

6 1 6  Con  Men 

WestHa/^hins 

197-08-0/3 

17  92 

45,500  869 
292,535  606 

Z'Z  Oak  Hub 

W.H  1 

© 

WH2 

© 

197-08-013 

5IG44 

45,977284 
292,500  4.71 

2 '2  Oak  Hub 

East  Haw  KINS 

17-  06-01.3 

5  24 

46,  969  230 
292,806  23 

2-2  Oak  Hub  on 
properfy  of 
Emma  Hawkins 

EMI 

© 

EH.2 

© 

17-  06-013 

345  58 

46.644  0.54 
292,706.026 

2'2  Oak  Hub 

Pa  yne 

II  -  26  -J 25 

II.  72 

37.47 

51.2  07-  121 
507,076  258 

2'2  Oak  Hub 

PI 

© 

P2 

© 

II  -  26  -62  5 

46279 

J6  3J 

SO,  765  025 
5  06,986  711 

2.^2  Oak  Hub 

B.W.S.  465 

STATION 

Azimuth 

DISTANCE 

Elevation 

Coo  ff  DIN  A  TES 

Description  (4) 

From     1  To 

EAST  HA  VEN 

132-29-40.1 

18.86 

58,055-297 
30  6,015  24-9 

2'2  Oak  Hub 

EHI  © 

WEST  WHEAUm 

247-05-552 

1680 

53.195-142 
313  S92  259 

2'2  Oak  Hub  on 
property  of 
R  L  Da  vjson 

EAST  mEAum 

67- 05-552 

4  78 

38  01 

55  4  96  505 
514,605445 

2-2  Oak  Hub 

mi  © 

C.W2  @ 

67-  OS-352 

350.01 

34-46 

53.362  14- 
314,28744 

2^2  Oak  Hub 

PROSPECT 

182- SS- 371 

11.77 

56,  962  23a 

315,176  226 

2*2  Oak  Hub 

p.,  © 

182-35-571 

369.90  . 

57,319.  900 
315,194  613 

2'2  Oak  Hub 

162- J3 -371 

60794 

37. 55  7  630 
515,2  06  668 

2 '2  OaK  Hub 

Halloch 

280-/8-49.4 

896.706 

54.6/ 4.506 
377,  712  551 

Center  of 
A.  B  Halloch s 
w  ndnii  JJ 

A  HI 

H2  ^ 

60-24-296 

1067-91 

54.  086  952 
376,785  929 

6' 6  Con  Mon 
West  Side  of  Sf 
naar  A)a/n  5t 

HI  H.2 

/aj-4/  -39.1 

669.69 

54.775  208 
376.828367 

6'6  Con  Mon. 
West  side  of  5f  70o\ 
souf  hot  Main  5t 

B.W.S.  46fi 
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-  Hz/ MOTH 

O/5  T/^/NCC 

Fl^V/^t/on 

COO/=?£?/A//9  T£5 

D£3c/r/pr/ON  (5) 

392.^<o 

/^5e503. 9/6 

e:3^a3'f.73z 

Ce/7fer  C3C^'r?<^m/// 
5peo/7^ 

F/ 

/^/-^/-•^^ 

£79-35-06.  r 

3011^ 

^5^5267/ 
£3^9538./7e 

fo  3peo/?/C  t^/cj 

F2 

29-23-33.1 

3<b9ai 

/V3e/30.937 
F3^935e902 

2XZ.  OQK/7<j/,//7//e'  '</ 
zg  f  Of/'a' to^p^oA- 
^fQ  3€>9-3ofFa 

h/.M^CMOffcH 

/V55Z9e29l 
F35e9e6.90<5 

Ce/7/er  of/oty/^r  0/7 
A70//7  Sr^y/ampron 

© 

NCI 

/09-^7-/e.// 

320-52-/e-// 

/oee/65 

F357e75.e// 

^J(ZOo/r/7o^.  0/7 
F  3/</e  ofrc/  fo 

/77-02-OG// 

eo9.2i 

A/550<ba.              '^^^  ^<^^ 
F357e<M.099  \^^A^r0.f-^^J^^^ 

/3.<ol 

/v^953oy^ 

F3^5O^069 

5/ 

/90-59-35.9 

/90-S9-35.9 

75e.-7/5 

/Ve5<£>976ei 
F3^5/&5.&/-5 

2x20aK  /rob 

//o-//-o/.e 

9.ee 

^eo9 

/yeove725 

F 3503/^.673 

2X2  Oc?K/?o/>//7 
3cro/?  20'FoF 
F/e/<^ 

/P/ 

//0-//-0/C 

5<33.9e 

F  3^979^ '^O 

2XZ  OOK^oS 

B.W.S.  467 

Hz/ MOTH 

0/5THA/C£ 

FlCV/lT/ON 

COOHD/A/HT£5 

^rom   j  To 

/a  97 

N<&d3/6209 
F 35909^^07 

2X2oaKhub 

Ol 

02 

l3e-3(i-^56 

^733^5 

A/<d<a(o<d3<d09 
C35779003a 

2x2  OoK  Hob 

03 

/3B-3e^5e 

709335 

//<o<o900(563 
F3575e/.//7 

2x2  OOK  /70h 

21^-^5-5^.5 

/^.30 

N520n  2&-/ 
€321/93  29^ 

Zx2  Oa/r  hob  /rr 
t^oodt)  zo'  5  of 
Fe/d 

af'J- -'9-5-^.5 

300255 

//523//90I 
e:32l^/-9S5 

2x2  OoK  hob 
5'  N  Qf/^ood 
/ra/7 

F3 

© 

an -^5' 5^.  5 

e^a.o9 

A/3ae9/3/3 
€32/^e3.3// 

2x20o/</?ob 

/^9-05^5<o 

<o.Q5 

55.09 

/\/e/36^2e/ 

e357GQ7.a93 

ZxaOoKhal/ 
-5  of va//ey 

61 

© 

62 

© 

/^9-05^5ie 

/oeo.76 

f^^25/l  58 
F 3 57 /3a./ 2 

ZXZ  Oo^/7ab 
/V  5/ope  of  Kc7//ey 

Hampton 

a/e- 5^-/^0/ 

'^07.325 

39.2^ 

A/e3753'965 
F3e5e099/9 

2XZ.  0<?K  hub  Ed 
FoFrc/ 

H/ 

© 

© 

2/0-5^-/9.01 

/O73.20 

/Ve'9Z7/^^3 
^3€<6026^5O 

2x2  Oc?Kh<jb  on 
F  eai^e  of/7f// 
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7<f9 

r^5e/55oi& 

€3Z^327.3Ct 

2k20ok  hub 

2/3-52-^/0 

55O.066 

/\/5<o<o05.'^9 
£32^57175 

2x20a/</Kjb 

A73 

© 

2/3-52-^/e 

9<o5.535 

/V5<d950^/ 
Z  32-^3^ I. 

2x2  OoK  /7ub 

357-53-5^2 

2/359 

/V57e02.760 
L3323/926e 

Ce/7f*;r  ofW^nv/n?/// 
ofj/.A//?ee^/€i^ 

/?/ 

^£ 

^3-32-24.2 

3/3.^7 

A/5702/.  22  3 
£3323//.272 

2xZiOo^/?o635' 
from  />arn<s  oo 
//ne  w//h/^^nd 

/7'^-33-09.2 

77^.9/ 

or?  ^  ^/d^ofrcJ 

252-52-09.1 

2/1 

A/505/2  e9 
f32<b32e.03 

5<?e  £hr/7s/^cr/'/7 
2^ 

© 

y2-SZ-091 

322 

/s/5/25<b.72 
£3267^/~9^ 

£C/ 

© 

/^l-^<Q-^3./ 

5oe8a 

A/53<o22  030 
£33507873^ 

Cenfe-r  of-sp/'r^s 
/^CChorc/?  £oi,r 

/rcc/ 

© 

/^-2e>-333 

N52977.3/0 
£33^93^^&/ 

ZXZ  ^ubA/iJc/<s 

/r<:c-/ 

2^/ -35-5-95 

5/62^ 

A/33223. e09 
£33539Z  3^3 

2x200K/?ab^ 

329-0e-302 

12  21. 2  92 

/V6/3^9  <5-?-f 
£3390  93/23 

Ctv7/eA  o£C/7at> 
ra/7/<  /"oty/er  fai/^) 

© 

5/ 

e2-50/9H 

/'^e/.e3 

A/e//^^  9/3 
£337^ZZ.e5/ 

ZxlOJ/choh  s/<y«f 
ofrc/.SQ  /V-  of 
£  'Wrcx^d 

-5/ 

5a 

2/'^-09-5/  3 

/^9e  /<p 

N^23e2&32 
£333^e30// 

2xZ  Oo^ /?o6  rreor 

cc 


I 


to 

3: 


ii.w.s.  asG 


TABLE  58 
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STATION 
From    1  To 

>^Z/MUTH 

DISTANCE 

ELEVATlOfi 

COORD  IW>^T£5 

PROSPECT  y^.T. 

»08-»l  -  39 

A77.1  2 

N  OOOO 
E  OOOO 

P.W.Tl 

RW.TI 

P.WJ.2 

9Q-03-20 

276.35 

S  149.0 
E  453.3 

RW.T  1  =  91 0  A 

P.W.T.2 

P.W.T.3 

227-^2-  14- 

5  44. 1  8 

205.52 

S          1  8  8.0 
E         7  28.9 

P.W.T.  2  =  91  O  B 

FW.T.3 

329-30-  26 

6  43.  15 

204.69 

S  554.2 
E  326.4 

P.W.T.3  =  9IOC 

RIDGEWOOD 

166  1.17 

N      6  6  56.3  1 
E    2  1  633.16 

O 

R  1 

R  1 

R  2 

266-4-8-51 

29  1.3  8 

IN       O  o  3/  to.  1 

E  22312.0 

R  1  =  Base  A 

R  2 

3  1       17-  19 

146  1.3 

N  7647.5 
E  20559.5 

R  2  =  Base  B 

/AQUEDUCT 

1  1  1  -50-33 

5  2  2.89 

S  23O650 
E  38556.67 

O 

A  1 

A  I 

A  2 

27^-0(8-53 

873.7  1 

S      250  1.09 
E   3  9042.00 

A  1  =  902 

A  2 

© 

71 -24-59 

1 

412.88 

S  243S.O 
E  38165.3 

A  2  =  90/  AB 

ii 


ST/a.TION 
Fro  m  [  To 

/AZIMUTH 

ELEV>4TI0N 

C0OR0IMATE5 

20 1  -  OS- 35 

A57\.QA. 

N      2  3  95.19 
E  5  28  75.03 

e 

M  1 

M  1 

M  2 

265- 29-03 

843. 94 

16.93 

S       f8  70.3 
E  5  1  229.8 

M   1    -     903  A 

M  2 

© 

29-5 1  -  02 

4996.23 

n.zo 

S  \33Q.2 
E  503ea2 

M  2  =     902  R 

HOL  L/  S 

N  18336.51 
E  5598  1 .42 

ROEC 
© 

KELS 
R  1 

208-26-52 

3346.3 

N  790.99 
E  6645298 

ft  1 

R  2 

272- A.^-  06 

357.6,4 

5      3  733.2 
E  68047.0 

R    1    =     9  0  3  T A 

R  2 

© 

33  -42-23 

3516.3 

S      2  »  34.2 
E  6450  1  .7 

R  2  =     903  T 

C/VNARSIE 

340-05-43 

902a4- 

S  I503S.25 
E  2  1002  .63 

© 

C  1 

C  1 

© 

I60  -05-43 

9028.4 

S      6  549.4 
E  \792a.9 

1  

c  1  =   909  u 

PAYNE 

?56-04-  08 

2962.8 

N    311  70.1 
E     687  55.3 

® 

PI 

PI 

P2 

348-59-44 

697.8 

^  37.60 

M  30456.8 
E  65879.7 

PI  =  □  911  M 

P2 

© 

89-27-40 

3008.9 

2Ze.2Z 

M    31 14/.  8 
E  6574€.5 

P2-  □  911  L 

RUGBV 

50-04-43 

539\.8 

5  10009.5 
E  13793.8 

O 

Rf 

Rl 

© 

230-04-43 

5391.8 

5  65494 
E  i7928.9 

Rl  =a909U 

(0 

(/^  UJ 
'  c/5 

I  < 
< 


.W.8.  488 


SHEET  171 


SHEET  172 


SHRRT  l7^ 


f— 6"— I 


 ^-1-----  

rod's  \\t\A  Vv»36VV\  bvj  vsir-c 

 a;  o'  

Reeiifofcud  Goncirte  Monument' 


TOP 


^3" 

^4"  4   1-4'  

■             l'-4l'         V   J 

—  V  —  e"  — —  .  

4-" 

>fod 
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CoxDiTiuNs  (JF  Coast  SrR\E\'  Stations  Investigated  in 
SuFFoiJv  County 

welwood's  cl'pola.  Octagonal  cupola  painted  gray  on 
2-story  frame  dwelling  house  of  F.  D.  Neville,  near  northwest 
corner  of  Merrick  road  (Main  street)  and  Broadway  in  Lin- 
denhurst  (formerly  Breslau).  Unchanged. 

breslau  YEiJ.ow  SPIRE.  Church  is  south  of  railroad  track 
and  about  5^  mile  west  of  station  in  Lindenhurst  (formerly 
Breslau).   Reported  to  have  been  moved. 

BRESLAU  white  SPIKE.  St.  John's  Lutheran  church  painted 
gray,  on  the  north  side  of  Palmer  avenue  (formerly  Fallers 
Laben  avenue)  opposite  School  street,  Lindenhurst.  Ap- 
parently unchanged. 

BABYLON  BAPTIST  CHURCH.  Most  Westerly  spire  in  the 
village,  is  painted  light  gray  with  green  trimmings.  Church 
is  on  the  northeast  corner  of  Carll  avenue  and  Main  street 
(South  Country  road).  Unchanged. 

BABYLON  METHODIST  CHURCH.  Church  Stands  on  east  side 
of  Deer  Park  avenue  on  the  corner  of  James  street,  a  block 
and  a  half  south  of  the  railroad,  and  is  painted  yellow.  Un- 
changed. 

BABYLON    PRESBYTERIAN    CHIRCH.      Tall    whitc    Spirc  witll 

clock,  on  the  north  side  of  Main  street,  just  east  of  Deer  Park 
avenue.  Unchanged. 

BABYLON  EPISCOPAL  CHURCH.  The  Hiosi  easterly  spire  in 
Babylon  (is  really  in  West  Islip),  on  the  north  side  of  South 
Country  road,  about  'y/^  mile  east  of  P>ab}'lon.  Church  has 
been  covered  with  concrete  stucco  and  is  of  a  gray  color.  L^n- 
changed. 

RULAND.    Hubs  in  ])lace  as  described.  Unclianged. 

BAYSHORE  STONE  SPIRE.    Churcli  has  been  moved. 

PATCHOGT'E  scHooLHOUSE.  Two-story  frame  building  with 
cupola  painted  dark  brown,  on  east  side  of  Ocean  avenue,  just 
north  of  railroad  and  about  500  feet  east  of  station.  Un- 
changed. 

BELLPOKT  CHUKcii  SPIRE.  White  s])ire  of  I'.cll])ort  Presby- 
terian church  on  the  north  side  of  South  Country  road  (East 
Main  street)  just  east  of  Rector  avenue.  Unchanged. 

OSBORN.  Station  on  Thomas  Osborn's  hill.  Tile  drain 
filled  with  concrete  was  found  in  good  condition.  Reference 
stakes  not  looked  up. 
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TERRv.  Tile  drain  tilled  with  concrete  and  reference  stake- 
found  in  good  condition. 

MASLRv  wiXD-MiLL.  This  Station  was  burned  about  four 
years  ago. 

MORICHES    METHODIST    CHURCH    SPIRE.      Tllis    churcll  waS 

moved  in  1907. 

MORICHES  PRESBYTERIAN  CHURCH  SPIRE.  This  Spire  has 
not  been  changed  since  1886. 

BROOKLYN  HOUSE  FLAGSTAFF.  This  buildiug  was  burned 
in  1907. 

EASTPORT  CLUB  HOUSE  ( WINDMILL).  This  windmill  is  un- 
changed. 

Conditions  of  Coast  Survey  Stations  Investigated  in 
Nassau  County 

piERSALi/s  METHODIST  CHURCH  SPIRE.  Tall  tapering  gray 
spire  on  the  east  side  of  Washington  place,  Lynbrook,  between 
Merrick  road  and  the  Montauk  division  of  the  Long  Island 
Railroad.  Unchanged. 

ROCKviLLE  CENTER  >n:TiiODiST  CHURCH.  Church  was 
burned  about  10  years  ago  and  has  been  replaced  by  another 
church  building. 

I'. Ai.DWi  xsvn.LK  MKTiioDLST  ciii  RCiL  l^all  tai)cring  white 
spire  of  church  on  the  north  side  of  Merrick  road,  about  I4 
mile  south  of  lu'ildwin  station.  L^nchanged. 

FRKi-:i'ORT  pRLSinTJ:Ri.\.\  CHI'RCH.  Cluircli  on  the  west  side 
of  Church  street,  between  Pine  street  and  Merrick  road  south 
of  Freeport  station;  it  is  [)ainted  gray,  rnchangcd. 

's  crpoi.A.  Square  cupola  surmounted  by  linial  on  gray 
iM-ench  rf^ofed  house  on  the  northeast  corner  of  Hellmore  ave- 
nue and  Merrick  road  in  P>ellmore  ;  now  owned  by  G.  F.  New- 
land.  Unchanged. 

i  JMSCoi'Ai.  SIMKI-:  (soi'  i  ii  ovsTi'iR  v,.\\) .  ^uvaW  octagoual 
si)ire  with  gilt  cross  on  Fjiiscopal  church  on  the  north  side  of 
Merrick  road  about  mile  east  of  Massapequa.  It  is  partly 
surrounded  by  trees  that  are  nearly  as  high  as  the  top  of  the 
spire.  T'nclianged. 
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APPENDIX  B 

SECONDARY  LEVELS 

BY  JOHN  L.  HILDRETH,  JR.,  ASSISTANT  ENGINEER 

In  order  to  obtain  bench-marks  for  closures  of  the  stadia 
traverses,  and  to  secure  elevations  of  water  in  the  wells  and 
in  the  streams  and  ponds,  secondary  lines  of  levels  were  run 
from  the  base-line  and  primary  circuits  established  from  the 
Smith  Pond  bench  of  the  Department  of  Water  Supply,  by 
Assistant  Engineer  Goodman  in  1906  and  1907. 

Primary  Bench  Levels 

In  accordance  with  the  recommendation  of  the  latter,  in 
his  report  of  February  16,  1907,  standard  bench-marks  were 
subsequently  placed  at  Alelville,  Babylon,  Patchogue,  Center 
Moriches,  Westhampton,  Port  Jefferson,  Lake  Grove,  Ridge 
and  Yaphank ;  and  bolts  were  set  in  permanent  masonry  struc- 
tures at  Blue  Point,  Wardenclyffe,  Brookhaven,  Riverhead. 
Calverton  and  Great  River.  The  elevations  of  these  new 
primary  bench-marks  arc  shown  in  Table  61,  page  658,  which 
may  be  considered  as  supplementing  the  report  of  Assistant 
Engineer  Goodman  of  February  16,  1907.  The  primary 
bench-marks  previously  reported  are  shown  in  Tal)le  60,  page 
649. 

All  elevations  in  these  tables  refer  to  the  datum  plane 
assumed  for  the  Long  Island  work  in  1907,  which  is  1.72  feet 
below  that  of  the  Brooklyn  A\'atcr  Department,  on  which  As- 
sistant Engineer  Goodman's  first  work  of  1906-1907  was  done. 

Secondary  Levels 

For  the  secondary  levels,  small  parties  were  made  up  at 
the  three  offices  maintained  at  Babylon,  Patchogue  and  Center 
Moriches,  respectively.  These  level  parties  comprised  an  in- 
strument man  and  one  or  two  rodmen.  An  18-inch  Buff  and 
BufF  "  Dumpy  "  level  with  one  horizontal  wire  was  used,  with 
either  target  or  self-reading  rods.  The  target  rods  were 
flivided  to  foot,  with  vernier  reading  to  half  hundredths, 

the  thousandth  being  estimated.  The  self-reading  rods  which 
were  used  on  a  few  of  the  runs  were  10  feet  long,  4  inches 
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wide,  134  inclies  thick  at  the  bottom,  and  >2  inch  thick  at  the 
top  stiffened  by  a  strip  Js  inch  by  I34  inches  screwed  to 
center  of  the  back  ;  these  rods  were  graduated  to  tenths  and 
2/100  foot,  and  proved  much  more  satisfactory  than  the  target 
rods,  and  gave  equally  good  closures.  Nails  were  used  for 
turns  in  most  cases.  Sights  were  from  150  to  250  feet,  ac- 
cording to  weather  conditions,  and  in  all  cases  were  made 
equal  in  order  to  eliminate  all  instrument  errors. 

Bench-marks  were  usually  railroad  spikes  or  lag  screws, 
driven  into  telegraph  poles  or  the  roots  of  trees;  but  stone 
monuments  and  masonry  structures  of  all  kinds  were  utilized 
wherever  possible. 

In  the  formula,  E  =  C  V  miles,  in  which  E  equals 

the  error  of  closure  in  feet,  C  a  constant,  and  M  the  distance  be- 
tween bench-marks  in  miles;  C  was  not  allowed  to  exceed 
0.03.  The  average  value  of  C  as  computed  from  the  closures 
of  all  the  secondary  levels  was  0.02. 

The  following  table  gives  the  main  circuits  and  the  bench- 
marks between  which  they  were  run ;  also  the  distance, 
closure,  and  error  of  closure  as  computed  from  the  above 
formula : 


Number  of  miles  of  levels  run   899.3 

Number  of  bench-marks  established 

Precise,  replacing  unsatisfactory  points  of 

Assistant  Engineer  Goodman   15 

Secondary    833 

Test-wells,   leveled   on   for  ground-water 

elevation  as  well  as  for  bench-marks.  .  .  510 

Total   1.358 

Total  cost,  salaries,  expenses,  etc.,  including  office 

work  (no  executive)  $^), 135. 47 

Cost  j)er  mile,  of  which  about  one-half  was  office 

work    $10.15 
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TABLE  59 


Benxh-mark 

TO  Bench-m.\rk 

Distance 
Miles 

Error 

OF 

Closure 
E 

C 
V 

E 



^Distance 
(in  Miles) 

U.  b.  Cj.  b  

3.4 

.0o3 

U.UJo  ( 

TT    c  c 

U  .  O.  \J .  o  

4.4 

.039 

U.UloD 

TT    c  c 

U .  o.  Lr.  o  

U.  U  

.024 

0.0149 

rJ.  U  

.     U  .  O.  Lt.  O  

O  Q 

o.o 

.047 

0.0242 

D  XT 

T3  17 

.035 

0.0307 

5.6 

.  1 10 

0.0465 

4.5 

.016 

0.0075 

.    B.  2  

3.4 

.009 

U.UU4y 

B.  3  

13.  O  

<5.  J 

.  102 

n  01^70 

XI  o 

A  Q 

4.0 

.021 

u.uuyo 

2.8 

.035 

B.  10  

4.1 

.000 

U.UUUU 

B.  10  

.    B.  11  

2.5 

.011 

0.0070 

A  O 

.  .  4^  

.220 

8  

Q 

4.6 

.069 

0.03 1 8 

7  

l.O 

.030 

U.UJOd 

O  ft 

.038 

O  000*5 

.  84  

1.9 

.036 

0.0261 

B.  128  

6.1 

.098 

A  AOftA 

71  

B.  127  

2.8 

.006 

A  AA*Jrt 

U.uUoo 

B.  128  

1.0 

.002 

A  AAOA 

Sher.  No.  2  

B.  4  

2.5 

.120 

0.0759 

B.  5  

.000 

A  AAOA 

177  

2.2 

.02 1 

0.0142 

178  

1.1 

.051 

0.0486 

K  n 

o.U 

.076 

0.0340 

O  1 

Z.  1 

.051 

A  A*}  KO 

3.5 

.055 

0.0294 

27  

.  49  

6.9 

.089 

A  AOO A 

.  B.  1 10  

2.5 

.082 

0.0519 

2.2 

.002 

0.0013 

55  

2.2 

.004 

0.0027 

B.  2  

1.5 

.012 

A  AAA  Q 

129  

1.0 

.059 

0.0590 

1.1 

.012 

0.01 14 

1 79  

2.6 

0. 1 16 

0.0706 

B.  11  

.  B.  8  

2.6 

0.026 

0.01 62 

B.  8  

,  .  B.  7  

1.1 

0.000 

A  AAAA 

B.  7  

.  B.  6  

1.5 

0.017 

0.0139 

B.  A  

1.9 

0.064 

0.0464 

B.  F  

3.8 

0.039 

0.0256 

T.  W.  91  

.  B.  14  

2.0 

0.002 

0.0014 

Patchogue  Geol .  .  . 

.  Holtsville  Geol  

12.0 

0.005 

0.0014 

Prim.  No.  24  

15.3 

0. 198 

0.0506 

PatchoRue  Geol..  . 

TT— 1a  :ii— A 

7.2 

0.020 

0.0075 

Prim.  No.  27  

T->   •          XT «  nck 

3.3 

0.018 

A  AAAA 

o.uuyy 

OA  1 

o.o 

0  008 

0.0043 

249  

.  Prim.  No.  29  

7.0 

0.033 

0.0125 

231  

. .  309  231  

1.0 

0.001 

0.0010 

8.8 

0.063 

0.0212 

1.7 

0.004 

0.0031 

Prim.  No.  11  .... 

Prim.  No.  13  

2.3 

0.010 

0.0065 

Prim.  No.  13  

,  .   No. 372  &  Prim.No.ll. 

2.9 

0.033 

0.0194 

Prim.  No.  17  

.  .  358  

8.5 

0.135 

0.0465 

Prim.  No.  17  

.  .  Prim.  No.  16  

2.4 

0.041 

0.0265 

Prim.  No.  17 

.  .  216  

3.3 

0.004 

0.0022 

217  

. .  442-217  

3.0 

0.040 

0.0231 

202  

.  .  390  

3.4 

0.002 

0.0011 

441  

.  .  461-441   

1.2 

0.010 

0.0091 

270  

.  .  466-270  

1.6 

0.020 

0.0158 

Prim.  No.  53  

.  .   Du(?  well  north  of 

3.0 

0.036 

0.0208 
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TABLE    51)  (Concluded) 


Error  E 

DlSTANXE  OF  C  

Bench-mark     to    Bench-mark  Miles  Closure^  ^  Distance 

E      >     (IN  Miles) 


Geol.  No.  19.  .  .  . 

...  492  and  Xo.  19  Geol. 

1.0 

0.006 

0.0060 

459  

.  .  .  495-459  

1.0 

0.004 

0.0040 

30  

...  590  

4.1 

0.076 

0.0375 

B.  19  

...  Bs.  19  

3.0 

0.031 

0.0179 

B.  455  

...  B.  455  

3.2 

0.013 

0.0073 

B.  455  

...  B.  443  

3.0 

0.029 

0.0167 

B.  452  

.  .  .   B.  429  

3.3 

0.077 

0.0424 

2.5 

0.003 

0.0019 

BB.  34  

...   BB.  34  

1.0 

0.015 

0.0150 

B.  427  

.  .  .  B.  427  

3.0 

0.017 

0.0098 

4.0 

0.002 

0.0010 

2.5 

0.023 

0.0145 

B.  422  

.  .  .  B.  422  

1.0 

0.008 

0.0080 

B.  412  

.  .  .  B.  437  

2.5 

0.027 

0.0171 

B.  440  

.  .  .  B.  440  

1.0 

0.017 

0.0170 

5.5 

0.062 

0.0264 

B.  410  

.  .  .  BB.  37  

2.5 

0.01 1 

0.0070 

BB.  37  

.  .  .  U.  S.  G  

2.0 

0.014 

0.0099 

B.  402  

.  .  .  B.  420  

2.3 

0.007 

0.0046 

B.  402  

. .  .   B.  402  

6.0 

0.022 

0.0090 

B.  401  

.  .   B.  461  

1.5 

0.001 

0.0008 

B.  420  

.  .  ,   B.  420  

3.5 

0.018 

0.0096 

B.  420  

.  .  .   B.  420  

6.5 

0.028 

0.0110 

Well  446  

.  .  .   Well  446  

3.5 

0.0. ')4 

0.0288 

504  

.  .  .  504  

4.4 

0.060 

0.0286 

B.  41  

. .  .  503  

1.2 

0.003 

0.0027 

503  

. . .  504  

1.3 

0.008 

0.0070 

503  

. . .  512  

1.4 

0.002 

0.0017 

. . .  502  

1.4 

0.064 

0.0541 

B.  41  

. . .  501  

3.8 

0.010 

0.0051 

B.  41  

. .  .  503  

2.4 

0.034 

0.0220 

B.  45  

. . .  509  

3.1 

0.020 

0.0114 

B.  41  

.  .  .  T.  P  

1.8 

0.047 

0.0350 

524  

. . .  524  

2.7 

0.034 

0.0207 

2.5 

0.005 

0.0032 

630  

Riverhead  U.S.  B.M. 

2.8 

0.008 

0.0048 

531  

Riverhead  U.S.  B.M. 

3.6 

0.077 

0.0406 

538  

4.3 

0.057 

0.0275 

11.2 

0.081 

0.0242 

634  

6.3 

0.074 

0.0295 

2.9 

0.074 

0.0434 

B.  51  

1.0 

0.027 

0.0270 

B.  161  

.  .  .   B.  161  

2.S 

0.001 

0.0006 

548  

.  .  .  B.  176  

6.0 

0.099 

0.0404 

B.  164  

1.2 

0.029 

0.0265 

655  

.  .   B.  164  

4.7 

0.021 

0.0097 

573  

1.7 

0.010 

0.0076 

B.  164  

.    .   B.  164  

6.0 

0.030 

0.0123 

1.1 

0.009 

O.00S6 

t).4 

0.069 

0.0273 

B.  67  

. , .  B.  68  

4.3 

0.007 

0.0034 

AveraRP  value  of  C  =  0.02 

*Via  Medford 
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TABLE  60 


f^f?/MyARy     C/f?CUI~r     L£)^EL^  O 

L  OCA  T/ON 

B.M. 

LLEVATIOh, 

DL3CRIRTION 

3mifh'3 
Pond 

IZ.7IZ 

O  cut  E  nm  of  pump  tve/l          Pumping    31^.    IV.       Cor.  of 
Smith's    Po  ne^ 

Ffoct^viLLE:  Centre 

Geolg '/. 

Zl  012. 

Bronze    tablet  N E.  Corner   Ohseri^er  A  Village  Ave.;  £0'N. 
of  corner    of  building   ^n<sl   1'  Jibove  qrouncl . 

s"o" 

Z&.  07Z 

Knob          Cor  Signal  Po-.f  #  ZOZ     L.I  ff.R.    Po^f  is 
oppo.5ite  <^   of   M 1 1  hurn  Reservoir . 

3a  Id  yy  in 

1 9. 1^0 

Knob  .5.  EC  or  Cul\^ert  '^OO' W.    of  E>ald\^in  HR.  3t.s.;  30' 
N.  of  TrsicH. 

F  reeporf 

&M 

+  7.  OOim 

Knob  S.E.Cor.  5iqn3l  Posf  #  2  Za.  lOO  '  E  of  Freeport  R.R.  5ta. 

Merrick 

Geol^  1. 

1  3.517 

&ron-}e  cap  of  pipe  sunK  in   tjround  JOO' ty.    of  Me>-ricH 
F(f^.5f^.  B.M.  is  37- n<  of  road,  1^-3. of  near  rail  and  ^U' 
<ibove  Ground 

3e  II more 

^r' 

I&.590 

Knob  S.E.Cor  of  3,<jnalPosi  i<t  25(2>  L.iR.R.    300' W. 
of  e  ell  more  PR.3fd. 

iSX" 

2.0.  as  1 

Bolt  root  Locust  Tree  in  front    of  Fountam  Hotel 
loo'  W  of  Wanfa^fj  R.R.3f^. 

HWS  474 


Primary  C/rcujt-  L^v£l3  ® 

LOG  A  TION 

ELtVATION 

DE^b  CR IPFION 

5  e a  ford 

3olt  foot  0-3H  Tree  SLOOiV.  of  3e^ford  R.H  5ta.         S.  of  fracH- 

Ma55epequd 

3h 

+  cut  on  door  step  ^aifin^  room  Di 3.  MassepeifK^  R  ff  ^t^. 
£0-  W  of  NE.  Corner 

Amifyville 

3G 

ZS.S&'h 

Hnob  Al.W.Cor  3><jnal  Post  *30Z)  ^houf  lOOO' W.  of 
Carmen's  CreeK .    B.M.    near    road  crossing. 

Amifyvllle 

3F 

Y  cut  N.W.  Corner  A,n-ty^,lle  Rf^.  3tj.  E'  E .    of  Corner- 

Copaique 

Re 

Z3.335 

Knob  N.W.  Corner  3i^nal  Post  ^           dbouf  350E.of  Copaigue 
RR.3t,s.  ^ 

Cop3i^ue 

Bd 

ZZ.30i. 

Kftob  IV.yit.  Corner  5, anal  Post  *  3Z3  about         yV.  ofCopa.^ue 
Road    B>M.  is  /e  M,1e  E  of  Copalgue  Ef.Ef.^t.a. 

Lindenhurst 

3c 

22  3  92 

3olt  roof  Maple  free  100'  of  Lindenhurst  R.R.3fa.  &.M. 
is  at  E.3.  Road 

Lindenhuni- 

3b 

Rnob  3.iV.  Cor  3, anal  Post  4  3^<i>  about  ^Ao  Mile  E .  of 
Linden  hurst    R.R.  3t^. 

E>dby/on 

3a. 

I7.2.07 

Rnob  NE.  Corner   Siqna/   Posf  if  357   di bout  1000' E .  of 
R.R.Juncf.   IMi/e  >K  of  Babylon    R R.  5  fa. 

B.W.S.  472 
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1\ABLE   (>0  (Continued) 


P  R 1  rv)  /\R  ^ 

^          \  .  /  At  o  cy  /  /  L —  £_  L —  L—\J  ^i^y 

L OCA  T 1  ON 

B  M 

ELtVATIOfi 

1  DE^CHlPTtON 

Geol^'/ 

1  7.  Z^7 

Br-onje  pl,3te   cemented  to  N yV-  Corner-   of  TV) E.  Church  <3f 
£.  Siiale  of  Deer    P^rH      yfc.  &.M.   <3bou/    3't3boye  ^rounti 

Baby  Ion 

E,  1 

I3.5&3 

J^<ail       root    of  Elr»   tree  'n  front  of   fVi.E .  C hurcff  ,at  E . 3. 

3<3by/on 

B  2 

A/.3i/  dt  root  of  Elm  fr-ee  ston^^ide     fenoe     73'  3  of 
fr^cfi    ^nd    £SO    E.    of  B^hy/ofi  RR  3t,3. 

fi3 

t^3il   in  root  /ar^e  oaf<  tree    ^t     P /q  b/e'^  /^ye    crosun^ , 
^0' 3.  of  tr<3cM   and  £5'  E.  of  ro^cT 

&  at  by  Jon 

Hnob  on  /y.W  Corner  Si^ns/  Post    ff  3&I     L  1  Ef  ff  ^t 
S.3    /-A-crc/f           n?//e  E   of  33  ^  Mile  Poit 

3aiy  ^hore 

35 

2.7  007 

t^<3,l  in  root  o<3H  tree    E.3    of  3<3^liHos    M<srior  Lane 
^houf  50'   3  of  P.P.  fracM 

3  ay  3  ho  re 

a  3. 333 

Knob  3l  P.yy.  Corner  5iqna/  Post    ^397     L  /  P  P. 
^//oMi/e   W.  of   /yil/e  Poit 

£><ay  3hore 

&y 

Zl.^hO^ 

f^nob    on   Vy.  End    of  Concrete'  Waill     ZOO  3  of  B^y  3hore 
3f^.   ^nd  30'  £.  of  P-arH  Ave.    3.M.  is  3' ^hoye  ^rounti 

B.W.S.  461 


Primary   C/rcuit  Lev^l^.  ® 

LOCATION 

BM. 

ELEyATION 

DE3CP<IP  7- ION 

Bay  3hore 

B& 

in.  923 

Nail  at  root    lartje    oaH    tree    350'^,    of    Awixa  Ay« 
^nd  SO'  3.  of  fracH. 

/shp 

e>3 

ll.3(o5 

Hnob  3  £    Corner  3i^neil  Pos,t   f             N  3.  tr^^H 

1  Slip 

BIO 

23.99/ 

Bolt  ,n  r-oot  larije  oaH  tree  £3.  Ii,hp  Ave     75'  /V  of  tra<J( 
dnd    500'  E    of  1^1, p    P.P  3fj. 

£di>t  l5hp 

3// 

3o/t  ,n   root  OaH  tree    E.3.  C^rlefon  Aye.     75'  /V.  of  tracH 

Great  Piver 

3IZ 

Knob  NW  Corner  of  3iqnal  Po^i  #-^7    3.3.  tra^H 
y^rviile  W  of  Great  P, ver    PR  3tj 

Great  Pi  ver 

31:3 

zao55 

Bolt  root    OaH  Tree    75' M    of  Great  Piver  f^R  3fji 

Great  Pi  ver 

31^ 

G.lb3 

Hnob  3.yy.  Corner  jBrid^e  over  Connet^uot    &rooH .  Hnob 
li   jVio  feet   3  of  r^,l. 

OdHdale 

3/5 

IZ.7I& 

Bolt  root  Giant  OaH  tree    in  bacH    of  Erei^ht  3torehome 
at   BrooHda/e    PR  3tdt. 

OdHda/e 

3IG 

Z.7  03'1' 

Bo'lt  root   OaH  free    IOC  El    of   Locust    Ave  and 
ZOO    3.  of  f-racH. 

3^yv///e 

3/7 

3o/t  root   O^H  ff-ee    B50'  £.  of  3ayyitle  P H  3t^  and 
too'  3    of  fracH. 
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TABLE   60  (Continued) 


PRIM/KRY        C/RCUI-r     LEVELL^.  (S> 

LOCATION 

B.M 

ELLVATJOh 

DESCRIPTION 

Sdyporf 

3  ie> 

7  0eG 

Bolt        top  of  5ii'  over  <L   of  P,le       N E.  Cor  of  Snd^e 
over   creeK  iAM,/e  ^  of  3,syport  f!.ff.5t<3  B.M.  /5  £6' below  rail 

&<3yport 

3a3 

26<33/ 

Bolf  root  O^f!  tree          /? f?.  cromn^    ^5'  A'  of  fr^cfs 
dnd  300  E.     of  3 port   t?.ff.  5t<3. 

Blue  point 

£3.133 

tinob    5W  Corner   H'^hway     Bridge    300'   iV  of 
Bluepo/nt     P.R.  5f3    3.tv1.        J'  belo,^  rail 

P<3tchoque 

Geol^l 

16227 

Bronze    p/ste    Al  £    Corner    of  Freight  HouJie  3boL,f  700' 
W    of  P^tcho^iAe    HH.  3t,3.     B.M.    ,s  si  bouf  fjboye  Ground 

Eesf  Patchogue 

Z  I.I  22 

Bolt  root  cherry  tree    SOO' £ ,   of  Country   Posd  crosnny 
,^r,d   30-  M  of  tr^cH.     B.M    >\s   150'  E.  of  J^r,je 
white  hou.se. 

Pdtcho^ue 

BZ5 

I3&0£ 

■h  Cut  on  door  s/H    P<stcho^»e  /^ff'.3ta.    Cut  ,^  3  E. 
of    N  W  Corner. 

29  6^7 

1  Bolt   root  O^H  free      75' £.  of                 ftoad  .and    35'  3. 

\off^R.    tr^cH.    3  M.    ,3  'V/o  A7//i>  W.  of  H^^jerm^n  fffi  31^. 

3  ell  port 

Bolt    root    OaH  tree   ne<3r  f^.f^.Cro^sin^    33'  S.  of  Ir^cM 
3nd  15'  frorn    Mile  Post    57  L  I  ff  P. 

3  e// port 

^3.136 

Bolt    root  of  P-ne   Tree    l£5'  6  of  Bellpor-t  P f^  Jt^. 

B.W.S.  438 


PRih/)/\Ry    C/Rcui-T  Lei/els  (2) 

LOCA  TION 

&  M 

ELLVATIOfi 

DESCRIP  TION 

3e  II port 

B30 

Bolt  Pine   tree  W3  Cen?etery  Posd  J£5  N  of  P- P-  Cromng 

Broot^  ven 

GeolHIS 

Z0(o3^ 

t^noJb  5  end  of  3 ''-  ^tep  of     .sbutment  HiahwS),  Brid<je  it 61 
L  1  Pff.    BM    >s       .above    3  Country  Poad  ^Aol^'le  W  of  3t,3. 

3rooM  Ha  yen 

331 

Z 1.  701- 

Bolt    root  Oah  tree  GO'       of  trjcH  and  fO'  E.  of  road  croisin^ 
Pfi.    l'/,o  f^ile  E.  of  BrooHh^ven  P.P.  5ta 

3oLith  H<i  yen 

B3Z 

Bolt  root  OaM  tree   75       of  fracH  at           of  the    Hay  A\^e. 

Mditic 

333 

^.G3£ 

Bolt  root  OaM  tree   ^  3  of  tracK,  about  ISO' from  Tele^r^ptJ  fole 
0£5e£,  1  fylile         of  Mastic  PR.  3ta.  About  G' above  rail 

M<3it,C 

33^ 

31.113 

Bolt  root  of  Lar^e  OaH  tree    lOO'  J  of  f^astic  R.P.3ta. 

Center  f^orichei 

333 

27.997 

Bolt  root  of    Twin  trees  at  3outh  Country  Poad  Croiiir?^ 
VioMile  1^.  of  Centre  Aloriches  PP^t^.  &M.  is  imide  Een<,e 
30'  /V  of  tr-acH  .snd  £0  E  of  Poad. 

Centre  Moncheb 

35<o 

-t(nob    3 ^V.  Corner  of  base  of  Signal  Post   in    fr\>nt  of 
Centre    Moriches    P  P  3t.a                 J?/15 Tff^ 

Ejit  Moriches 

337 

3G.05I 

Bolt  root   Cherry    tree  alone   in  field  G50'  E .   of  East 
Moriches^    PP  5tci  and  SOO'.  N  of  tracH 

£<3Stport 

Geokj'l 

30.^90 

Centre  of  cover    of  pipe  sunK  inijround  £0O' f^  of  Eastport 
P  f?  6ta   3  M    IS  ^O'  E.  of  OaH  tree;  £7' 3    of  €  fioad 
and    ct  '  ahove  ground- 

B.W.S.  457 
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TABLE  GO  {Continued) 


LOCATION  1  B  M. 

£L£MT/Oa\ 

DESCRIPTION  (7.> 

£336 

SaM  /rxjf  fr^e  ^oo'/V SoctM  <^orrfry  ^a/  C?txss//^  /  /V/y^if 

3^ 

^1  f^rA  tf«ty  /^!^ 

CS.1'7 

 —  i— i  Z  o^r^  "  /       ■  :>^  '^t> 

87  7hJ 

S3  f/7 

-f-  Cut  ^.  .^a^e^ /"P'S  ^  r^oier  of  t^e//  so'S  o/'/b/T('  .n<'Ah!s  -  J 

ZJ897 

As//  rex?/  /^ree  />/r?c  <9/  i/i/rn  of           JO'tY iy/^ ^  yfcx^ 

/5'of/ r£>t>f  OiJt /r<!c  So  yy<f  ^  ^  '^'Scf  /Tb^sjf  ^/Aios  /i(rs^ 
Z/fr^4^-S^~  38                             ^  72-3?' 2. 

PR/M/7ffy  r/Rruir  ifufis 

LOCATION 

ELLVATIOnI                    DESCHIh'TION  /3) 

/fi  Ke/-/^tfw</ 

Sro/^x^  75  A/s/  ^  A^/r  djrr        /-^<rwie/  (^r/  //o^£  £  'i^xe 

11- /S  8 

^/}r-  ^o-sS'  /o                ^oA'iS-  =  7P  j& 

A>M  r^/  /.or^  ^-t,^-^             C^c^^/ry  >^^^^ 
of  /^yy  <^r7Wyf7^y*7'^S  SOo'So/  /r^c:/cc^nc///>^^-'^¥cf'^ 

So//  rocf/  Cii/lr  /re^  o^/xf^//is  /nir  //oty.Si3  Sct'A^^ r/t^c..^ 
//t7-.  ^  S'^-  £7                     /^/i/K  -  7^-  ^7^3  oa 

3S2. 

JO  IT/  1 

3o//  re>o^  CidA-  /rtr*s  ^^t             yy^  A'o^i^  /^^*  So/':7^Arr. 
S<fc/^^  o/'  A'c/f  J-y^f-Mz/e-^  jy- y4frAetia' /P/F  sy^f 
//IT.  Zo  -^^                                   ^^^^  -  7^--^  -^ 

Ca/ire'rforj 

^o//  roa/ -^dr^is^               /nArrxyc//*?^        //^A/zArs  Z^-  <r/' 
Cla  /rcy/oy^  /T/f  ^5%^  •                                      ^    ^  , 
^/77V  <»o  -  SS  36                    ^P/>^<S.  ,=  7a  --f^9- 

/*fic/Jfe  Cao/fify 

3o//  re^o/  ^Atfrry  //vtr  ^Ao4/sc  <f  JoAn  Igs  /og' ^of 

^fe/<f/(g  iZtf/i/r/ 

ess 

J/. 

Ba//  rooy  a^jlr  ^rtr  fO  ^Z7jn(s  /oo' <^  <f/fo^c/.f^ 

^^^^<i?^^  ^"-^   ...... 72-^7^ 

3S6 

id.  221 

S:a/f  r^<o/        ^A  es  w  */  ^       s^aa '  yy^f^ss  ^ 

xAr.^-^sas  /a/y^^72''^0-'f^^ 

1)  W  S  4r,4 
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TABLE  (30  {Continued) 
PH/Af/?/?y       rjf?riJ/T  Lf^VEL^ 


L  OCA  T/ON 

DM. 

ELEVATIO;^ 

DE3CFil P -r/ON  CSJ 

^/ 

^/^T^  ^^-S'?--  £^                        ^0/)^&  -  72- ^o-  OS 

63. 

^^/^  J^ad^  A?/7S  '^'S^  3S'^  ^ '^^c/ S'/oo'Py'c^ jff  ^7 

/Va//  roof  OdJlr  T^e-<s-  ^  *^  (TZz-^r  /rr/^r.X'cy'/^or?  /fS^  ^  /^//^s 

^oM  rf^^/7M//  o^Ar                        Jfb^e/sr          A/a^M  «^ 

40-S3O0                    ^a/*^^  ^72'-S6-3.& 

PfflM/iffr  C/ffCUlT  LEVELS  (g) 

LOC(^TION 

BM. 

ELEV. 

DESCRIPTION 

riJDDLE 

3  64- 

Ah i7 roof  /a roe  oak  £  sic/e  roac/of/ntsrjec/'/bnafariy^f'A  road 

SJoo  'S  /^/db/c     /and Post  Office.. 

Lat'  AO-SI- IZ                                 Long.  .  7Z-S6-0Z 

lilOOLE  /JL/7AfO 

B6S 

S6J68 

Afail  roof  /aroe  ooH  £.  siefe.  road  of  for of  noadi  /-Sm/.  S.  cf 
/^/dd/e  /3 /and  P.O. 

Laf"^  y^o-^rz-jro.                                 Loncj.  z  7JL-ji-/6' 

366 

6^.33/ 

Bo/f  rootoa/f  JYjide^  road/ns/de.  rv/re/icftc^  of  j^rtderi)///' 
/^arm  3/H  /sAPo'S  of /arre /n/^r^cf/on. ,      /w/  ^ of  Yap/fSrj/^. 
Lot  =  40  -SJ-                                      jLo/jq.  .7Z  J-6-  /J' 

367 

St.JOS 

Bff/froaf^/c//7foaJr/(^oa  '£.  /nferraodj  artd'/t  /nr     yaphanK  Po 
laf. .-  4-0  -SO  -JO.                              lon^.  -yz  -  JS'J'Z 

366 

33.7Z9 

So/froofy/drr^  yrtr/nc/f^j/cfe  road  /Sa  'A(  )6f/>/ia/j/r  /*ff  //. 

369 

SI.93S 

3oMroof-oaA  JYj/danxre/'^o'tr      fiartk /^.  fi.  -Sfo  3.M 
ro'S.  offroc/r. 

Lfft  .4-o-'^9-3o.                          Lar)^.  7Z ■  J'J- ao. 

YPPHflNH 

aro 

39  6J-S 

3o/f  roof  ooA  lY .3/dB  road ^i-oo' /X of  Aooje  o/Tkryyi/f/yer 
//y^/rr/.  S.  of  ya^/fan/c  P  ^  Sfa 

effoon  Ht^  ^£f^ 

3  7/ 

30.9Z/ 

3o/f  roof  4  dra^fC/t  OOA"  S  Jf"  carrier  /rrT^r:  roads  /i.  m/.  ^  of 
droo/r^aKerj  ff  /?  Sro. 

L^f  zJfo-47-zr  lffn^.:7Z-J'yf-.ro 

B.W.S.  \f,1 
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TABl.K   ()0  iCoutiniicd) 


Fff/Mi^f?r  C//fCU/T  LEVELS  (p) 

lOC^T/OA/ 

BM 

SLE\^. 

D£^C/^/PT/0/V 

rtiOULC  I'SLflND 

*/S6 

/SS  .B6S 

lo/-.  :  40-SZ .  ^                                        ,  ^3 

nlUULC  JOLnrlO 

B.  73 

9/. 2  7-4 

3o/^/vot cherry S.^/a'*. road /OO'^./^/enfecfiv^  /^i>erc!s  /rn/-  iV. 
Jujf.  .-  40-SZ-S3.                             /.any.  J/ 

MIDDLE  J^LflND 

3  7S 

99.196 

3o^fraof  oaH  of  /vr/r  /fcod  J-oa  '£".  o/C.  /¥yycyc//i^  ^/a/i  / 
Lat..-  4o.yz-39.                               /^^^  -.7Z-J^-/0 

3  76 

66.646 

Bo//- r^of  *ya/nu/-A:^/We  roact/ao  ^  ^r/c/t3/e/y.  ofjE.  ^k/v^/^. 
la^.  :  40'Si.zi.                               J-o^y  ,  7Z-J-9-30. 

B77 

9A.900 

So//  /vof  fr///a  tYot/ar/r  ofrao^/j       /2>  Ca^c^/n  /-////. 
l^f,  z4o-J^. o9.                                /.ony.  =  73 -oo- oS. 

376 

/SB.  All 

Bo/froo/-oa/f/V..5/£/»  roaefaf/dP  o/  /?/// /Eof^e/</eA 

tat  -.  4-0  -         -  P6 

>S£LO£N 

3  79 

IIZ.3IS 

So//  roof  oaA  //?  /-ron/  ^/  c/7urc  /?  a//t>r/r  //oc^J  3/^  a/" 
bo//om  of  h///  700 '  inr.  of  B  76. 
La7:'.40'SX-o6                          /^n^.--73  -O/'/e. 

BSO 

/04-.96S 

Bo//  roof  oa/r  S.  .s/de  roacf  ODPos//^  /xttaj  of  /Tcssnera/JV- 
end  a/Sa/den  )////oac .  S Af.  /j  600'  lY.  of  CroJS  roadi. 
/-at.  r  4o -jr/.  s-j-                            /■^'/^^  -  "^3  -ox  -  xo. 

SELOEN 

361 

S9.X07 

So/f  y/a/?f  oaJc  ^s/c/e  road  ZOO  '/Y.  /?u/anc/ r^/c/ertce, 
S./f/3  /'/*rJ7/  /r  o/S»/c/e/T 

tot: 40-^7-4 3.                           to/7y.  --73-03-3O. 

B AV.S.  450 


PRIM/^RY  emeu  IT  LEVEL'S  @ 

LOCPTION 

B  M 

ELE\/. 

OESCfflPTION 

f/eyy  i//LL/iGt 

36Z 

96349 

dolt  root  /a  rye  aa/i  //  £.  cor  /n/er  roads  at  /Ven-  r/V/aya 
/Lot  t  ^o-j-z-j/                                  /-o/7y  73-o4--'^o 

LSK£  GflO/E 

B6S 

106.503 

Bo// roof  oaH  hr.s/dc  racx/400'/V.  /jovse  of  I  J/irden  3  /V  /s 
9600/ /i.  m/  3  I  a  Ire  Gro  re  fo 

/.a/  -.  ^O-J-a  -  ^6                                       /.ony  ,  73-06- f  7 

L/1KE  6/fOI^£ 

366 

//O  364 

Bo// roof  /arge  oaA/YyrofJ'Corr>erj//rt/  S  /.a/re  Gro  t^e  PO 

Zxit  ^  ■^0-'(ro-/8                                          /Long  -.  73-o6-3^ 

367 

6S2SJ 

Cen/er  of /nonumenfafA/E.  cor.  for/r  of road.5  /  7m  1  /^  fionron/rom 
/f  /?  Sfo  3./*f  /.s4o  £^  of  E.  bon/c  of  7,  a/Ce, 

/.at  z  40-49 -4Z                                    ^o/T^  ,73-07-00 

368 

//xT.  sez. 

So//roo/  c/re>sfr)u//V Ecor  /nfer  rds.  /^/ft/  5  P^rf/rorj/rema  lcf/r& . 
/.af-  40-43-  oS                                  J-o/jy.  -  7J-C7-o8 

ffO/VffONffO/^fl 

Geolf/ 

/09  066 

Sronxe  cao  of P/Pe  JO'/7/f//7 yrai/zJCfafEedyo  of ^/offorrrt 
(;f/?or?/ro^/ofrtc74/f.3/a.4/}'/V.ofra//                    ^  . 
laf :  ^o.f8-Z0                               to^  .73-06-33. 

B89 

/0/./6S 

Sa/froofod/rEj/e/c  road  SO 'S  /)ouJ»of/fe/yryAfj/fo/t^  /OOa' 
S  o  f/f  A}  frc7c/r 

'40-^8-/6.                                /uf/}y.  -- 7J-07-Z8. 

390 

00. 60Z 

So/troofyocny  oa/f  S  E  Cor  /h/br  rc/j  //??/  A(  of  j^oAe/nMar. 
Zaf  4o-47-yZ.                                tony.  -.73-^7-/6. 

BOH£/*f/^ 

89/ 

So//  roof  otfA  /VE.  cor  //tftr  rds  C/it/rch  Pte  a /ic/  Ocean 
fire  dt  So/ie/?7/a. 

l-at  '  4o-^6  -ae                                 to/iy  .  73-^7-  /O. 

Of1KO^L£ 

392. 

SO.OOS 

So// roof youny  aa/f  fyj/c/»  road BS^'S of  fi/rh //? road 
3/n  /j6  />/o  '/y  aa/Ccfd/e  /f.  ff  Sfd 

taf .  4o "^y-zo.                            JLa/ty  •.  /3-e>7'Ji 0. 

B.W.S  470 
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TABLE  60  (Continued) 


£L£V. 

DESCRIPTION 

L/iff£  GROVE 

B83 

/06ZS6 

3o/frafff£>aJr  offor/r  raaefj  y/?7/.  ^  of  La/ce  Oroy<s 

UinE:  GROVE 

BQA- 

/Ob./JJ- 

/^RonHonHama  /f.R  Sfc. 

LRKE  GROVE 

ase 

97  930 

3o/f/vofoa/r  A/Ecor/hter  rds.        K  ofLaJfe  Grays 

*~C77.  -        -^/' ^J.                                                 J.O/7y.  -  / ^- O /-^O 

N/OOLECNTRY 
ROi^D 

B99 

/IB.  les 

3o/f  roo/- yai/n^  oefA-^o     Ca/77<:/e/7^i<e.  ZS  '/Y^:.  road  a/7 <J 
Z00'IV./7OL/.se  C//e/7e/efrso/7.  J-y-t/T?/.  hr.ZaM-o  Groire. 

Laf: 4o-  J-/-  4-/-                                  ^on r  7J-a3-  ^Z. 

ZMlTHTOVff^  BR 

B/OO 

/t^.4SO 

3o/r^/x>of0aAar//7/er.  roat^J  2  m/.  £  J>/?7//'/>/Z>ir/j  branch 
/-at  z  ^a-j-/-Jj'                                J.o/7y.  t  /j-og-JJ" 

SrtlTHTOIVN  BR 

3/0/ 

■78. 

3oy//oaAoa/f  S.JKcar  f0r/T0f/^<:/j.//nf.  £.  .f/7r//^ydyY/7  B/z7/ic/i 

5MITHT0IVN  BR 

3/02 

aCuf-  >>.  E      rof        or c/7 /ranee  ^  /lou^e  ot  AfKS.  C/fa6. 
/*f///er  y.s/^^e.  ro(7c/oPj^o^//e  S/r}/^/'r/ff^r/^  Bra/7c/?  /?0 
/ <ff: .-  ^o-j-/-z/.                                ^*>^-  --/J- //-Z/. 

Sff/r^OvrN  BR 

3/03 

64.069 

■tCof  Top  fio/fA^f.car  .s/arjcr/ pos/'cy/-  ^/n/^^n/i  /?.  R  Sfa. 
IcTTz'^a-J-z-Z/.         ^      ^  /a^f:/j-//-^i. 

^MITHTOW^ 

Sff/THTOIYN 

3/04- 

Z04^ 

So// roo/ /ar^e ooR  yv s/de.  roae//^0'/^of^roo/ccross//7^ 
.sr??/.  S.E  o/^/Ti/'f/z/btr/^ 
/.at  ^0 -J-/-  00 .                              /.o/f^.  -./J '/J -5 Z.. 

B.W.S.  473 


F/FIAf/9Ry  C/RCU/r  L£\/ELS 

Eoc/9T/orv 

BM. 

E-LEV. 

DESCRIPTION 

5f1/T/^T0l^N 

BIOS 

96Z 

0o/f  roc/  /ty/n  Oc/f  A  jic/c  rif  oZ/br/fr-c/s  J/77/  £.  Ca/n /77<x:/^ . 

IV.HRUPP/iUG£ 

BJ06 

3o/rrooroa/(£s/dc  ri/  /Oo  S  forArc/s  ZA  m/  S£So7///^/z>iy/7 
La/  -.  '^o-j'o-oo                           /■  ^^S-  -     /^  -'^'^ 

W  HPUPPEIUGE 

B/07 

6/.ZOJ 

/3o//-roo/c/a/7/0£7/f^J/de  rt^  /J/?  'A-  for/cofsecor/dar^ 
zy^  /?7/:/y  of^rcr/f^aod  /T /f  Sfa. 
Lat-.4-0-A9-/3                             lono.  ^73-/^-^0 

BRENTWOOD 

BI08 

/4-3  97J 

£/o/r  roof  J /77a//  ryy//7  oc//r^.  7V  //?rersechorT  n::f:5.        /V.  of 
dren/yrood. 

J.at -.4o-'f-8-33                               jLa/tf -7j-/'^-30. 

BRENTI/YOOO 

B/09 

/oe  8Z8 

00// /^ao/p/r?c  z^3/c/0rd  a/for/rrd3.  //r//  /Vof  Brenfi^ooc/- 
La/--  46 -^7-33.                               lony  -.73-/4-3-0. 

BRENTVrOOD 

ee.3/9 

ff/'O/Tze  ra/>/et^.  £co/^/^reJ.  C/7  J'OO    ffre/7/}YOod /f  /f^ta 
lat ;  4c -46  -48.                            lony.  ^73-/4--4S 

dRE/iryrooo 

B//0 

76 .37S 

^o//-roo/-n//?c/V£for/frds.  f-4m/.5  i/reryftt^ooc/  tf  /f.  3/Z7. 

Lat .-  4V-46- 08                                 LO/jt^.  ;  rj./.^.^s' 

BRY  ^HOffE 

3/// 

4.7.  OSS 

j^o/rrooryounc  oa/ryy^/c/e  /R ir/xcr  f/y's  /ooo'/v /f  /f.7Kac/\ 
3/^  /3  r7ear  /Y.  hne  of prop  oJ<Tc/^/''ee  / 

/.at.  '40-44 -Jh       ^     '  long.rTJ-/^-^ 

B  W.S,  403 
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TABLE  (>()  [Continued) 


PFtlM/^RY  emeu  IT   LE\/£L^  (gj 

LOCfi  T/O/V 

a  M 

£L£\^ 

D£SCff/PTlON 

3  J  IS 

90.  3jrz 

Bo/froo/'  oa/f  Mj/cfe  rd.  offor/ts  2  m/.  £.  of  Commac/r 

COMM^CH 

0//6 

l^s:  $JiO 

3o/^  /do/"  /aroc  oa/fJ.  Sido  n:/  at^s/'^s  /m/'-  Jz  of  Com  mere /C 
X.or  ■  4C-JV-J8                                          X-0/7f. .-  73-  /i  -  40 

3  J/ 7 

/J 4-  686 

So/f  roof  caA  af//7fer.  r<^s  J'O'f^ £  ofCammack  PCJ 
Ulf  .  40-3V-33.                                       lon^.  .  75-  /7-J3 

aiie 

/64'.93Z 

3off/T>of  tiv/ni/f  ffj/cfa  rd  Zoo  S.  //7/i:r  fd.s  /        1^.  ofCo/vmacK 
laf.  Z.40-3V-Z0.                                    Lang.  -.73-/8-3'a 

COM  MfiCH 

B//S 

/6J'.974- 

3c/froefc//asf/To/-Ms/<fc  rd.  Zoo'/y.offor/rj  Z.6  m/. /Y.  of  Com/yxx/r. 
leif.  ^4<-j-o- 03                                    U/}^.  -TJ-Zo-'-J 

B/ZO 

do/f/Vof ^/anf-  di/f^n  dejUffee,  ^..s/de.  rd  affjoujo  of  6  Car//.  3  ff. 
/J  dfsu/n/n/f  of  r<d  J.Z/f?/.  ln^.a/Co/n/nac/r. 

/.(Of.:.^o-'^9.3V.                                    long.  -.73-Zi-oo 

MID.  CO.  fiOAp 

e/zi 

/9o/f  roa/'c/jcs/'/}(/tS^.corfyrJr3  3^mi.     of  CammdC/^ a/fd-^/n^ 
f/.£.afAfc/t^///e.. 

Latz4.o-49-SJ.                                   /<"7f.  -73  Z/-3^. 

M£L\/ILL£ 

B/ZZ 

/  70.  J  or 

So/f  roof  ooJr^.d/cfe.  rd.  dffor/[s3Jt>fn/.  f/.  ^.  of  f*7e/ir///e. 
Laf.  :.4o-49-S.o.                                     lon^. .-  4-Z7. 

B/Z3 

Jo/froof-^mo//  odH  df  f7avje  of  6.  fiyoff/jfru  '/^yn/  J  /nfar.  rtds  Z 
fv/.  /V£.  of  Af<i/r///e. . 

L<7t .-           JJ.                               ^^"S  -73 -Z3-  Z3 

/*fSL  ^ILL£ 

B/X4- 

/■43.9S^ 

ffoff-rvof  d/i/dfdd/r/lf  j/ife.  rzKiJ/oa ' )Y.  /r?rer5ecr/or?  of  roac/s 
%  /rti.  ^.  of^/Vi/ff/fe. .                                             ,  ^  ^ 
/.at^4o- 47-^0                                 ^oy.  -■/^- Z4-/8 

/>/r/£L/9ivrv 

BfZS 

///•  09J 

d^froofa^/AMtrcor /hftr /eTCr.  Z/t.rrtt  /V.  P//t^/ainfr?  P P Sfa 
Ldt-4o-^-^7  Zon^.:73-Z'^-'''f 

B/ze 

97. 

3o/f  roof  yy^rf/raf- iV  Sfde  rd.  ZO0\>.  of  jCorner3  /-^      /Y  of 
^cf:.4o.46-  06.                             ^^''^  ■■^^■^^ 

B.W.S.  471 

PRIM/^RY  C/^'lf;T  ;.l:t/£l^  @ 

LOC^T/O/V 

B  M 

£=L£i/ 

O£^CPlPTi0,\' 

a/so 

^9  oze 

aj/f/vof  uoLina  oa/f  /40  'S  fracA3T>'£  ro«^<:fv3S/'}9//r7/  ff  ^asfver.' 
Lar.  f4o.  J;y.^z.                                             -'f.on.f.  -.  7Z-4iS--/». 

efiSTfof^r 

BISI 

73  268 

Qo/trcofp/na  Z3''£'  frac.T  opp.  nA/Jf/e  posfJOo\J.  of  PC  o^PPZpt- 
mr  A/*v  £<xsfporf  P  Sfo 

IB/SZ 

8J./08 

Bc/froor  uot/.io  oaffSS'tY.  f^acAr  on&/2.  nr/fsS <:rvJs//yo3m'  .J  r7a/ttr. 
l^T  :        -inj-                                                     Jio^^</t  -  4J-/3- 

50UTH  M/f/ffOR 

B/SJ 

J-t,  39S 

Oo/frvofoa/T  JSC    Trac/ra/fd/SO  S  ^ird  /jif?i/  J  ofAfa^or 

/jaf.  '^o-^-/- /o                                                 Lon^  '7i.-'^7-Z3. 

MfiNORr/LL£ 

BIS^ 

60  696 

3offrt^of  ocf( /ZC iy^c/rJOo'/Y /or/r rdj.  croiJ/n^ PP  f-* ^/ 
of  /fcfnor^/Z/e  P.  P  S/d. 

^<ff '4o-J-/-3-^.                                                ^o^f  .Zi-47- -fZ 

MffNOPy/LL£ 

B/64- 

47  076 

3o/f  roof /ar-o&  tfi/fottrZO'P rfacHS3V'£.of/Va/foryi//e  P P SfO 
jiaf.  ^40'3TL-3l  ^o/rg^7Z.-fg-38 

M^NOR  r/LLE 

BJ65 

80//" roof />//re  7S'S  f/tfo/r  a/rd //nr//s  ff./dcrp3J/no7/7>/  £^  AXj/fori^//fA . 
TLaT z  4<>-3Z  S6                                              Xong  -.7Z-47-J3-  ' 

MfinOf^^/l.L£ 

B/6Z 

42 .  /J0 

SaProofoa^c  IZO  '/y.  fhxAZoo'P  iT.  P Pcross//to  f^/m  £ A7a/7^>ry//^ 
/u7f  -•  40-  j      0                                       ^  jLoyt^-7i-4(-^-^ 

C/td.k'£/rTO/V 

8/6/ 

30  /Z4' 

/fno^  i.tlf  a^i/f/:tonf  pP^r/doAorerPsco/l/'cCr:  7/77/  /K  C^a/rc/^o/r 
/Lerf  z4o.4-'4-oB                                          ^fi/7/;.  T7Z-4r-ZJr 

C/tH^£»TON 

B/60 

39  93Z 

^o/f.'oofoafff3VjrracP  a/7d400  3.  yy.Ca/rtrrron    /r  o-nt. 
Lof  -.  40-3V-37                                            ^^"f-  =7i-^  '^^ 

cnn^£/fro/Y 

e/s9 

A-S.  lOZ, 

go/fn>of  oa/r£^.3/d^  rd  4^  '7y.rr<Tc/r.  Pd.  orx^/r7o  7/n/  £  ofCb/pt:rfZ>/f 
Lot r40-j-A-SJ-                                                7.an^  '73.-')3-'f6 

Mfl/VO/?yiLL£ 

B/es 

SI  ool 

8o/f  rvof fU//h  oa/c73"P rd.crvM/og f/rry  hf /fa/to rr/f/c  PP  Jftf. 
Lot.  Tjfo-sX.aj                          ^                7.t>n^.  T  7Z--*9-z0 

3/66 

4-&  677 

Bo/^rvo^c>o/r  JO'S  fyacp  4SO'/Yrd C/x/SJ/^O  ZT^rn/  hr  /Vcfrtorr///e 
/^r  =4o^/-33.  Z71-SO-36 

B/67 

66  ZSZ 

80// roof  e>aA 4o'3  fTocP rrear fcfeorar^A /^o/c  ^/SOJ' 3/^ /aoo TV 
laf.  .4o.so-sa.                               ^"S-  ^7z  3^-3^. 

B/Z7 

97  3S/ 

4-Cufro^S  bo/r      fiajc  trofer  fbrvmr^SOo  S  Jt.  p/nefaimn  P  P  Sti. 
3/*f  /■*  Z  afk/rtT  ground                                     ,          ^,  .r- 

PlN£LAinfA/ 

8/28 

66  ose 

A/f/O  'p/nc  r^  i/de  fd  ZS'7^  /orfsf^  m/  S  P/r^a/atrrf  ff  P  S^. 
L6f :  4o  -^3-4o                                      -^/y  --7J  ZS  -3-r 

Uf>/0£A/HUfiST 

B/Z9 

43  966 

PP  jp/Are  /6o3«  ^fmgrt3/>h  Po/e-  df/^kVcor  rd  cross/ng  / ^*/^/  /F" 
0fl,r,deoAorjfandJ;i*m/  P  i¥' 3ai>u/on  dP^sJO  '^  offrac/r 
jLof  .40-41J7                       ^                  looy  ,73-23- 03 

*y£S  r  O^STLXJAf 

B/30 

t.2.BZ4 

P  8.  J 17/ Are.  of}P    cor  br/dye  ot^r Sanfoooot/<s  Cre*  ^  d^O^^ 
/^Hfinfkr  ofPrd3  ar}d2m/  P /V ^f^u/or?  3 /*/  /jZ  '/>»foyr  ra// 
Idf .  40-4Z  06                          ^           Zci/ry  <•  73- z/  3 e 

B  W.8  483 
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TABLE  60  (Concluded) 


1                                                PfllMfiRr  CJRCU/T  LEV£L6                                 @  j 

B.M 

£L£V. 

\                       OE5CR/PTION  \ 

'      W/1  >0  */X7  A/  H" 
T  n  r^rJrl /V  n 

OlOo 

9Z  S^S" 

\  Ba/frooF/cfroe  ooH4o'3  r?t7cA/2S'£.n:^.cross/rio/fk/n/  E  YaPAe/^ 

1  

1  n  1  n  n  ijr\ 

BI6S 

1  /fnoS    /^  aifu/fftenFAioArvtry  ^/-/dy*  //n/  E^ff/tan/r  S/*  6^£/»t>f  j 

OJ  A3 

/Oj-.  I4-0 

,  Bo//^ rof^ o<7/f  A/ iY.cor  -far/rj  / //?7/.S  /yi7ey//}a /?/rer  PP        ■  \ 
1          Ler/- ^^O  SS-jr                                        Ao/}^.z7Z  Sa  /3.  \ 

em 

//8.I33 

/f/)£>i^SEcar  C(//t^crF//?t/  £'  /rbcf/zr^  Ff/rcra/fdJZS'^  re/  crtKSS/rroi 
/ucrf  ^^o  JS  -^/                                         Za/7y  -  7Z-jr/-J6 .  " 

B/7B 

'Z/  .  92.6 

1  1 

/iiff/f  ra4>f  c7r*Jp>i//--30 // JhJc/r  ZroVf  re/.crosj  Z/n,  ^  i^ad/haTTiref, 
LatT4o-si--*8.                                      jLfiy7y.  -.7Z  .>Z-  SO.  \ 

3/79 

/3r  47/ 

'  /fnpbSikycor  hWou     AFOo'ln/.S/jo/umPP.  J^.  /B./>7.Z7'^ey«i^  /V//  j 
Ixft.  T'^O  ^r/.  00                                           /■ffn<p.^7x-S^-ZJ.  : 

ROCKY  POINT 

8/eo 

/GO.  S8Z 

1  3o//  rootoa/r  7^'' /Y  /i-ocM-u  Fb/nF  AT  Ft  SFa. 

Rocnr  PO//VT 

3/01 

/3/ 

j  Fnod  5     a6ur/Tzc/fF£>r  /m'  iVPocj^uFF.:5-/a.  BF/3  'l>«/owra//. 
I       /.ar=40-S6  sj                                     Zona,  z 7Z-F6- 33. 

miller's  PLfiCB 

a/8i. 

0J6 

i  F/7ffiS)Ycorcu/i/erfJS/P'jV ft/  croiJ//}o/;i/n/  £.F7///ersP/.^rci/}./ie/r^.^ 
1      Lot.  z4'^>-Jli-'FC)                                      lo/7a.:  7X- 3-8-/0. 

'Af/LLERiS  PLRC£ 

B/85 

/S/  7/7 

/f/?od^  /:.  cortoupda7/on/>  ■i/i>rJ'yV Pa// £000      h///er^  P/oce- 
J>/af/o/7  a/ ra// &/ei/a//b/7                        ^  •„ 

/Lar  ,  40 -JIS - ^                                  Xc/^y  -.7Z-39-/9. 

POfirJEFFERSON 

e/BA 

/S9  0Z^ 

do/f  Foo//7a/f  ^S'SZ'.A'c/ cr2mi  f.  Fbr/Je/Jsrson// P 

PaffT^£EPE/fS0/y 

B/0S 

/SS  Z7/ 

Tfnob /V t.cor cu/^er/ /oad'^Mcr.  J/»l £. For/ Jei person  ^/a.£f.F/. 
AS  7>  l>e/atY  ra//.                                         ^  .73-0/^ 

Bl7(, 

//^  07J 

Bo/f^o^f  o^'/i/de  rc/  x.ao  /V  /rac/rand t^'O' A/^E.  irad//?^ Purer 
^^•^'''^z^/  .-^O-J/S-^c  /.on^.^7Z.3-<^-3X. 

'PPRTJEFFERSON 

G*o/f7 

/ 93.08 8 

1  3ro/>xe  cap  7op  pjpe  6  '/Y  ofiYFknce.  ///fe^p-p  froc/f  Z3-a  'M/  FirF" 
F/^rjonS/^ 

POFT JEFFERSON 

3/83 

,1  St?//rvo^oa/r£^/c/e  fC/^S'O  '/VJdr/ts/xm/.^.Par/Je^fe^on  y/a. 
/8-f.4/2   1           Jjort    4-o-^3--A8.                                       /.o^^.  r7J-aj-oz,. 

.  -^JEFFEffSON 

a/9o 

i  ffa/t /'oot oo/r Fs/£fe rd .J'ao'J.for/rj /fi./*i'^ £:^rrJeffer-so/i-yjb. 
/sr. 296  '          Lot -.^-Jj-.aj.                                      /.an^. -73-o^- /8. 

POPTJEFFEPSO^ 

:  CC/rV^/V  PORO 

1  . 

3/9/ 

\  £o/f  rooFoaJr  ^S'iV  ^  /z/  /J''/ro/r>  edoe  afc/&arynya/7c/JOO  •5. 
/37.C66  Cf  douse  z\rTi,  S£  Par  fJ<i:^crjoioSfa  ^, 

COP^M 

8/9Z 

/0ZA77 

i  ^V/>3v/-        oc}F£3/c/e  rd.  -^O  W  Ar/rs  £/r>4.  /V.  CbroJri  PO. 

B.W.S.  4'.0 
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TAELE  61 


PRIMARY  BENCH  MARKS  -  BABYLON  SECTION 


LOCALITY 

B.M. 

£i£y. 

143.495 

cjppoj/^  B./24,  or7SOi//^s/d/ff£>f/z?aicZi?Jf>a^/f/6^^'^cpf//z/sr5^^ 
o//zia^s  frv/77 //o/?f//?^(£?/7^  /^r/7?//?^^a/e,              To/i^atre  3.  /24: 

dABYLO/^ 

/3.876 

BAY.  6. 6/i7/?^/^7n^  Frec/^^e  3e/7^/7Afi7rA^      'tvesf  ^f^^^M  (j!7r- 

B.207 

6./73 

B.W.a  395 


LucAurr 

3./^ 

£L£V. 

P£5C/f/PT/0/V 

3/93 

3h/  5  Sforfc/o/^ff^^  /r}Pcfrc/lo^oe/?/^yarc/Z/9E' ^£^^(^ 
posre  Z2'rb  roc  a  /r?  h/o/er  TcinK  63.-55'  7b  ^or?c/  p/pe. 

'32.563 

3^ 5  S'/or7c/orr3> B AfoSoorzSo' )^  n-f  PbrT Je Pfcrsoo  5/o 
'9-obO(yfj7'^  of  /f /f  rrVcJC 

6/35 

/05.473 

/^iV 5  5ror)e/orc/3M/^^  cor  /r^rersec ^o^7  /fo/s  3yz M 
A/of/f'o/?^o/7A:orr)Cf  /f/f  sro 

r-Q/v 

B/9G 

S  *V  S  .s/onc/o/'/  S  Af  of  >^^^e  rx/  of  Wes  fhom/rrbn  /?/^ 
^fo  /ss/  To  Te/po/e  2/07'fo  fbc/c/^  ^/op/hrryf 

C  A/0^/C//£5 

6/ 51 

26.377 

Bf\/ 5  5/dr?ctorx/ d.A¥  on/.  / R r/^/}f  of  n^ay  /jeor  /nr of 
S  C  /Fc/ty?/?  ^9  <P  fo  7e/  po/fj  ^  /SJ7  '^9  OAToS/ona/ 

po/(r          -To  -fo/'/ieo-t-Ptj  c 

/X'/OGE 

3/es 

/oeose 

&  kVS  ^/a/7i/orr^  3     /o  fronfof  /?ci/ido//:  ^ooseaTy/yf 
offTiocf^Z  AT/  £  ofArtKit  /if/e 

3lU££iyA^ 

8/90 

So//-//7conc/-0re      cone  coping  of  /^A'  /^r^c/^e  h/  oL>or 

6£0C>K//AV£AZ 

ffzoo 

Bo/f/o  concr^/e  oo  Sra^step  of  -3  x/  k^/oo  ^vo//  o  f 
P  P  l)r/d<^eOO  o  '  M/eifo  f  Broo  A  h  aver?  P  P  3tc^ 

m£f^HEffP 

ezoi 

6o/f-/r>  concrvf-G  copir><t  /r?A/.h/  copoe/-  o  /  y^^sf 
Py^^r/?eai^  P.r?.5ra. 

C/7Ll/£A'^/^ 

3207. 

Jo  /62 

So//-  &"/>e  ow  hr/c/^G  j>eoror}  5  kv  cnr  ofn^j /-a^<y^ 

/vaionof^y  P  r?  r^r/^^^  ok<»/-  /^con/c  CnpeA  J  r^'/G 
>A  <}f  (  o/v€rfor7 

li/^'/flCLrff£ 

8ZO-5 

/5547^^ 

S<j>/t/n  ^rv  cor  o  r  '  op/n^j/bne  /n  3  a/^c-rmgnr' 
o  f  ra/  /roui^  t?r/c/9e  /So  c/  h/of  5  l^or-e  /f0/r?  PP  .■^fn 
<9  /V/  /js  2  7o'r>e/o*vrcnJ- 

3/5/3 

Ow5^roncXirrrr  r^A/  :ih/corof/^^o  fy<^p/''//  '(  S'^rfX/,\ 
/fV>»'//»/^'v//r/;'/^ft'/.//V/^'  6o  s^' ^  rt/ po/e    ^-^c^  4.  /6 
re/  Pn/e  ^-.J'  jv^sra  m/PafQ. 

3 
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TABLE  62 


LOCALITY 

B.M. 

ntoJ  a/i3jio/ii 

24  .•468 

3pi  /fciN s/c/e  '^/po/c  soft  S.  of fr'./f  Cr-<25S//7^(/Vc/nf='5f<sod 

/3rcrr7cAJ  'T/Oft^.  of/?/0//?5 

L  t  /TUC/i  n  *^/7  V  / 

/ 

41  ."19  1 

W-  Of-  ryooa  rroaci 

ll/i  UtflfHU/i'Jl 

o 

Highest  Pt  of ffc/7(/^r?e/?fGdoi/t£o/^t  fro/rj  S.^cok  Ccpa/'c^ 
IVcs.tDe^rparH'f-linc/enhurs.t  Rd 

L  1  If  UCnff  tf/i  J  / 

■X 

33.893 

C-s^iS-T'c/iy  /ft/ 

Ll/^OfffUU/iS 

■  4- 

^'f^/on  ar  5.  yyci?/-.  off? oo(/s  'oo  '  S-  o/'y-roc/f  >  ;?  ofcurS 

J 

56.438 

^V/rer?a// in      ^ ot^  T<s/po/a  oSoc:^  y^'  ^<d^  cor:  o/'Coyoaic 
ff./r^S-f'ait/on 

6 

C5.37G 

^ E.cor  of /^c^n.  cn'  S-'^  oor:  ini^Grscatton  on  — /^oac^  >- /^z na/etfvn 

7 

45 

Copper  nai/ in yi^sie/c-  7<a/yoo/e  at S.C.  aon  o'f  ^o/-rr,ii-i^c/a/<=- 
'ISaihjIOn  -l./na's.r?Aui'.St  —  i^y-=^i- 0<^ci  r  F'arH  /fc/i,. 

dAdyio// 

2 

30.86 

8oU  in  fooi,  on  E.  Side,  of  lo'  /one.  pme  -hrcr,,  js'S-  of 
Uc/a/l  fc/  £  ot>ou/-  /OO'W  ofhouic  of  C.f\  Donncr. 
O/c/  3.^.  £1  33. /II  DatiS^roi^eei. 

3 

2 
O 


B.w.s.  :;'jo 


B  M 

£imWA/ 

U/iOf/lHrn^ 

/O 

18.3G4 

I'.  ufna// in  Z  "-^  Te: / pa/e^  /K/  afcor  c/:  Ja/,n  St(Humba/c/t  f/ycj 
'^i^/bin  ///'«s. 

'  // 

Z2.22S 

t^ire  nail  in  HV  Sic/c  of  /h/p>c/£  <»A  S.£'.cor-  ofHur^bo/dtZ/ye 
^          Sh  /o&ofVoff(.ff. 

'  /z 

34.376 

l^/i re  riOi/ /n  rnap/c              orj  S-  sic/c  i^oac/.  ^  o'*^-  o/'^vVff /»^a// 
"^S.  ^OO'e:  o^c^ugi^G//  "  373(J-£>i^is   /-/^f-man  ) 

U/VOfAHU/fS, 

'  /J 

44.6i7 

U/lOE/fl^o^S] 

40.651 

l^</'renail I'^i  f'.rr?o//p,nc^  /V C  cor  of*^Ot:e^r/=^r/fL.ina/£.ynhur-S^ 
Ifc/           rtjr}f^,n<^              pcfs-f  £}:/-f.  "  /3 

flM/Tty/lLf 

/cr 

18.034 

iV^re  noil  in  roo^  0^  OoH  Tr^       cj-f  A/^.     or  af  Oe»H  Si:  °l— 
/food  running  N 

/<$ 

30.3^7 

yi//r~e  not  /  in  roo^  of  —  7rs&  y       ^rorrt  Af-E.  c  or  of  CoUn-fj 
d-ine.  fPa/.^  D>y/sion  ffn'&  . 

mmvuu 

33.500 

HVire  nail  'n  rootofOoAf  7>ee  cn^y  eic/e  rooc/  Oppo^}*e,  cor. 
oFBr.oc^^cj     Hern  son  St.  yorror„/f</.^Soo-/^  ofZif^M^S 

f//^l7iVllU 

/S 

5Z.Z58 

N  £  c  ^r.  of  /^c^.   at /v.  yy.  cor  of  e^o  adtyaj  «»- e  c»  /  /Ve  c  * 
ffo/ 

P//ll7fl/ILU 

19 

40.063 

N£:.cor.  o-f/^orr.  at  S        Cor.  of  ^/Sanj  ftt^£..'^  (^rCa/- 
f/CGh  ffc/    /o  /yt^.of^''£. 

05 


UJ 


D  vv  .s. 
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TABLE   (12  {Continued) 


LOCALITY 

3.M. 

SO 

37.0Z4- 

C0PJ4GcU£ 

SI 

8.876 

iV/re'  no///'^  Jcir^e  f^/  //crr7?<£e.  at  /V  *y  aor.  o/"  A7<s./-a->  a  /?c/ 
r- f?c/-  i-o  Co/=>/a^ue  /?ff^/a-^/or7  A/<sar-  o  "6 

22 

n  .014 

l^/renoi/ inTel po/c  or?  S.Sft/<s  o/'/Fc/.  <ip ^os  it^(£\  tv-s/Zn/ooc/ J 

23 

IZ.  190 

Ifd  -fo  ^/ne^Grjhws.-i-  /9./f!  S^a^/  or?.  Op^o^ii-e  o 

8/tB]fLo/t 

9^ 

3.041 

l^/re  r?a// 'n  root  o-f"  A/o^/s  Tr&e  Of  /VSaor-  oiP /^s./-/-/  c  ^ — 
Gr&ot  /\/ecl-r  tfc/s 

J?^ 

14.665 

26 

39.Z06 

i^/re  na//  /n  roof  o-p  /oroG.  Oa/fTree.  at  cor.  o-/*  /^one.  v's 
Uda/I  ffds 

97 

44.359 

y\/ire  na ) / m      s /'c/e  of  /or^e  /^me  T^-ee  at  t/,e.  /V^"  c^or  o-P 

2i 

33. 4H 

h/irc  ntr,/  in  sr?^o//  CoH  y?ee  on  e  Sf</e  o-P  So^/i/fos  Man  or- 
iole. ;> /c  JS,e.  o-r^ 

29 

32.534- 

2 

O 


2 

o 


CQ 
>- 

<c 

Q 


B.W.S.  398 


lOCAL/T/ 

B.M 

D£SC/f/pr/o/v  ® 

Jo 

49.688 

f^irei  nail       /a/-y»  OoH  Ti-cer    0  m  £.              oV  J3ojr.^Jt  0 rC  /f^ 
y-r?ear  t-ht:  cor  o-P  /^ortcQjsffd    Gajehore /r<^.C/'/>ci>ih 

J/ 

13.859 

^,re  rail  in  £^/&ctr/c  l,.jhrti,/c  orn  S.  .s/V/e  oP  tfct  qomo  /i^  °t- cor 
of  /^^rM  /^y<s 

J2 

23. 148 

l^//re  no//  in  Tel  f^o/e  on        ^ic/a  oP  ^cir-m/rjy  ^a/c  ffcf^^Offo- 
Site  cor  oP  AtrH  //t^e- 

33 

46.181 

^ire  no'/ '>/  S. &,c/e>  oPCA<sr-r-J  7Pcc  (^  oo  S  o^Co^re-^r^J  ar /T.  t^.Cor. 
of  fT'cf'  rurinin^  pot-t  St  Oo^tinic  Canye/jf  V  ffat-^o/n^  /X 

5^ 

3o.o;30 

H'ir&  no./  /r7  root  c./            jStycor-  of  ///Sany  /^y<=.  "t-ZTc/ 
go/riQ/i/  to  o.zj'/urr,.   iSSOO  /V  oP /r  tf^ 

3S 

57.411 

Sf^iHr  ,n  rool  oP /arye  /:»^^   S  O  '  S  c  r  A  tfs  ,  t  M 

tif?7SH0/r'£: 

JC 

47.734 

S^iMc  in  root  op  /aryu  pm^  <"7  *y.  J/'o'er  of  /^i/necjTJ  tP<t  ■40'*^ 
oP  ^irc  tt'rt*  c/^ciriny.  */*  rrri/c  S^H^.ith 

5  7 

43.003 

Sfoilit^  ,n  roo-l  op  OatfctfAt.E.&or  of  Dim  0  r,  >■  Oay^/e  iVf»S. 

39 

30.4IG 

S^itfe.  ,n  /-oo*  oP  Oo,K  -frcft    0/  /V  £.  Cor-  oPCr-»€.t  /V«e/r  /ft/ 
y  Otxon  //»  e- 

3  9 

38.859 

S^iHc  in ptnu  trt.t,  **t  S.  £.  Cor  o/'Cffc^TA^^Cfryro.  "y-  rtf  to 
lin^Kntiormt./7hot,ttrr,-tc  /V,  oP  Co^atyU^  tin.  "St  0. 

U.W.S.  3M 
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TABLE  62  (Continued) 


LOC/?L/TY 

N.E  cor  o-r^ /^(.or,  A/.3,a^Q  of/ra/.)/ooo'£:.  of  /'^/Gr^^cY/orj  o/* 

33.940 

ff*n/  naif       ^(f^ ^cg-f  a^M£  eor:  c»/*/^^/«j/.//v«^e^>t y- /fW- 

Bffeyio/v 

'f-a 

S^ihc  in  root  o/"  /o/os  C^/f  oT         CO/-.  0/*  r<^j,    aJbov/  S'oo' 
«/"  S.*r.  c  Of  o/'^oij/or>  Ca/AoAe.  Ceme^sr-j 

4-3 

Z8.573 

N  tn^cor  0/ Sat  0:/  S  >^aor:  o/" Dserjo  art< /ft^*^-  y-  rtc4  rvnr.irr^  tf. 

BftOYLON 

4^  + 

33.557 

3p!lfe.  in  f-e/.po/t.  0/  A/.£.  cor  0  fO*<sr  /^r/f/ffm.  *  Mt/fycy's  /f<^ 

4S 

31.410 

56.3<&5 

jSpiK^  in  f>ine.  /^«-e  a1  S.E.  aor  o/*  Say^/ ^os  ATorror- /.«rf^ 

4-7 

42  .+15 

SfiiHC        roo^  ^/nc  /Aee  «/■  /V.£^  cor.  0/^  /^(/nc^js /fe<  )^oo</ 

34.592- 

30.690 

SfiiH*-  ir,  roof^  o/'  Urya  Oo/f  0/ S.^.  0  0  r  o/" //o  >^  e //z  St  i^vrtc^yf /l^J 

B.W.S.  403 


LOCAT/CA/ 

Fl£y/lT/<?/^ 

0£SC/f//^T/0/^  (D 

SO 

^1.^5-5 

Saitf*  in  roo/ 0/ /aryG  OoH  <?/  S**'  cor  0^ S'^Z/ytr.  f-  /3A/>  Gov/eron 
'=*  o^^osife.  ^  "//^ 

5/ 

JO. 2.99 

JS^ihe.  /n  /fty>/K             a/  A/     cor.  /jA/a  £f  ov/»  t^ttrt/  >  J3roo/f 

BflY5HO/f£: 

sz. 

Z9. 903 

S^inc  /n  roo^  0/ /orJ><^   Can-  'i/^/V/tr<^'>r.  0  7^ /jiA^  ffo 0 /cyc-t/ >- 
/5r-c  n/f^ooc/          C^^ovr/y<=    /focc  Tr-ocff 

BffYSHO/f£ 

S3 

Z8.45Z 

0ot//»t^arJ3 

JSLJF 

54 

Sf>iHe.  in  ffne.  cy/'/V/V  '^or.  o-f  /^J.i^  Sau/cfar-cZ  "^Tforrtan  S/. 

ISLIP 

S5 

22.64-9 

iSLiP 

Si, 

28,349 

Spi/f<^  in  roo-f  of  0<*/f  »^  /S./t<  ccr.  e/*  /<r//^  3ou/^yorc/ 

SI 

Z5.467 

SfBiHt.  in  /Vl/'^c  0/'  /aryc  ^y^c       J:     cor  c/" /^ ///>  //fe  /fc/. 
/■o  //re       yt/f^  M  0/'  ^ou/ct'orK/ 

/SI//' 

S8 

3.1. 33Z 

f/oiKa.  /n  /fry*  /^>7«  on  ^.  •j/a'c  0/^ ArAy> /f*^c.  '/z  n,>/e.  A/- 

59 

35.987 

Bo//-  /n  /&/yyo/e.  ''^/i9^  0/  cor:  oyCmr/fon  //fa  y-/r</.  rt//rnino 
Mf  J„s/ /Vo//yoyr7crs  /r-af  A/ouse. 

R.W.S.  Wl 
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TAELE   iV2  {Continued) 


LOC/tUTY 

B  A7 

D^SC/rZ/'T/OA/  (7) 

/SUF 

Z.9.730 

Qcl-t  in  root-                    Ch^^^J   on  ^.  s,a'e   0 Co^/^oyn  /?rc:  <>— 
SO'      £.  0/'  /^*/./>a/e.  *^2'7i78 

BABYIO/V 

2.4,505 

Oo/f  ,n  i-e/ jDole_  "i^a.  //<,  <>/  a  or  e./"^«*^  f^rH  ^t^c:  /fa'. 

33.511 

Bo/-f  ,n  root  of/ar^S  Oo/T  on  J^Sf<^<:  0/' ^eer  /%rf\  /^^<=  . 

BABYJ-OAt 

t.3 

38.589 

So/-/^  /n  rooy  o//o,r-^*  Jf/ //orr  on  ^.  S /e/^  o/^  /?eer       r /f  /^f^ c 
Oftffosi-/-*  a»r.  o:f/f<Y.  ^0  x?e//^»^/  V  Sao'  S  o/"^  Hot^syr?  trr? 

B^SYIO/Y 

35.6IZ 

ri//7r7/'r?y        ■/-orfor&'s  /t'o^'i-  C/o^ 

G/fSYlOM 

65- 

59. 000 

Bo/-f  /r7  roo^  oY"  /oryc  Oo/T  an  /X  */<»fc  o/*  ^a/m  ont  TTa- 
o^/^oj/Vff   con.  o:f  /fJ  -^c  /j'^t/y-Tfce/  C/i/i 

B/i3YlOA 

<,c 

40.158 

^MitffA  trt  f»o^  o/"  Oorff  »^  ^/t  e  j/>-fcr-se.c-f/»n  oY'/fe/s  yooo' 

B/fffYlOAf 

C7 

38.391 

Afat/  /n  /^a/a/e.  on  iys,We.  oY'  /9 e./mo    ^  /pyc  .  oy^yoo  s  /  ^£  S  er?«> 
oY  S^/mor)^  S  /fac.<i  7?-ot/r  -)-8oo'ry.  eY^  Be.  /m  on/ 

BY73YlOAf 

ce 

B»J-^  /n -smo/Zftn*  So'  /r-o^  ^  h  c  /Y-  S/*/c  0/  /Fa^  'i- 
/^~cjo'  AY  yy  oY ^     /  7  9 

BffBYLO/i 

f>9 

43.856 

Yyorrt  yrcvnc/  0  rt  ^  S/Wg  of/fe/.  -/^ooW-  0/^^      ^  7 

03 


B.W.S.  401 


LOCYtUTY 

B.Y^ 

P£SCYr/  fT/ON  (§) 

/3Y70YlOf^ 

TO 

50.163 

BoH  /n£  3f't/c  oYS'^r?  /it/  (S  0'  ^.  •TT/TttD  0^          a  0  r  oY 
C/cor/rry  **<  oY' /rrton/ /fatc^  7>-<»c.^ 

BYJByiON 

7/ 

60.648 

Ba/f  in  /o/o  oY  Z'*r9ot/^o.s/  0/^  S.^.  o4>r.  0/^  Y/nt/crrA  iyj'j/- 
f^jonUcnt^*!  /f<Yy-/Sc/rryon^S   /^tro/c  /W 

BYY0yiO/Y 

7^ 

4>5.647 

Oo/^  /n  /'O*-^  »^  /orye.  /^,'na                  c  »  r.  0  Y'  /^e/rrt  am'-r 
/?cy  *  ^g/  faftrrf/7y  /V.  ^0  f^y  err)  yo  ryc/r 

BY/OyiOAf 

73 

3^350 

So/^  /r?  -/<J//  /i^r7e  *o  '  Y~/-»rrT  £.  sr/o'c                 /yrr  oyrY /^re. 

%^oo' /Y  oY  ^  " ee 

BYfjfyio/^ 

BoZ-f-  /n  ro»/-  oY  -^o/f  /*/rT^  or>  tO^ynnarf^  ^i^ir        /  0  '  /*< 

BYYayxc/Y 

IS- 

0»/-&  /rf          »ys^o^/0  oY'Srr*  »//<o/^£  ^ 'A.' A(yZt  J  t.  0'  Y'r-»  ^ 
yi/Si<^a  oY  ^/nt/enAi/j'S^  *yvmr}^a/7cM  YTtZ  >  'Yi-nf.Y-e  M  0  Y* 
/3ahytorr~^»r^  Yrt^^oYk.  Y?aY. 

BYYBriC/^ 

7C 

4'7.0S6 

Go//  fn  JmtJ^^  /''nc  0^  /V./Kaor.  oY  l/nt^cr,Y i/r^J / ^^^  0 rjaZtrrrc^ 
/t'J  r  Yfc/ri^rrn/ny  Ai        O^^o^S'  *  t:  ^^•4- 

YVyA/^OA/iCH 

77 

50.840 

Do/t/n  r»'i'eY^Yarym  Oo/T  on      J-f'e/^  oY  Y^tY  r-4/^rr/rfy  3^  *^*'/-'Y 
tiyo/TJorjcJt  Ofn                   oP  £fc/r?^orryj  Occr-  /^r-^ 

tTY^/YOA/^CH 

/e 

59,230 

0»(/  ,n  tjn<y  ^oj/ oY/Y-      o^r.  oY  £f  c /^rcn /'s        c  r /^or^c  n  ^. 
S/t/c    0  YYiW  rt/nrr'ry  /ren->  /^c/n^t^fJ  Y^tra^c  /YeY.  Yo 
/V/tfnU  If 

tYYYfA/OY/NCH 

79 

64;50l 

Bo//^  /f/  /-o»Z  oY'/^ryc  ^^e.  OY  Jrr-^-^  r  s  m  C^'O/r  oP  Y //^</^  rrA  t/f^i  Z 

H  U  .S.  40(1 
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TABLE   62  (Continued) 


I OC/JUTY 

80 

8/ 

39.160 

3o/-^  !r7  0«r/r  Of?  S.  ^/c^e.  0/^  /fc/  y-o  yVjarra/arr  c  M  ,  /s^oo  'fV 

B/)BVLOAf 

62 

41.375 

Oclfin                            -^c'  f^crn   S  J,c/C-   c  F  r-c  ad              or,  Jan 

Hty/fNOffNCH 

85 

84- 

50.813 

BflBYLOA/ 

^5 

4-1.977 

B/?0YLON 

eto 

87 

88 

71.903 

Oecr  farti  /7t^c^.  '>  -  Gr^rrd  ^ov/et  ar-d 

69 

63.675 

do/t"  in  fo^oP kVood f3f-or^<:r-^j  hoi/ndor-y  ^oo-/  on  /V^^.^g.  0/* 

2: 
o 


< 


B.W.S.  433 


LOCfiL/Ti 

3/^ 

ELEY/fim 

PFSCff/PT/OA/ 

mmoffNCH 

90 

3o/l  ,n  roof  oP/ory^  r'r7<^  on  S  ^,c/g.  0/^  /fd.  r- J  OO'  S  *y  o/' 

/ry/9/YOz?/\/CH  zf  zr  szo 

fl 

t^olt  in  dc//T7oni^  iSiorT  Z^csZ  <fZ ^.  Side  oPj~/r7  ty^rr/7tyf-.s/  - 
tVjan</anc/,  /f</ /^oo'  /V  oP  c^or.  oPZ^c^'-r,  a  n^  Z^,r  oZci  /*V 

FINE  LP/y/^ 

jr5.o77 

Bali  in  ^ma//  Z^'yriG  a-^  ,Y  ^ .  0 /"/^ /e/- j  e<^y »P /T,/^.  ho^rtd/^j 

^c//  ,n  frria//              o/^S".  e^o'  o/" <^ /c^cr, r,^  f  /^/X oZ/fd  n-/7,c,h 
bounds              / /K//7«^  on  ^/tc  S. 

3o//yn  /o/^<s  Z/n<^  ct"  ^  a,de.  ^ Z,nd^n ^oreZ- Zf^r^-z  la^^  /r'd 

BOOO  '  /V.   oP  Goodyrrra^  3  /3                 /  ■>- rj 

PiNELffm 

74.317 

3oH  in  roo/  cP  Z^,^c    or,  *y  S/dG  oZ"  /V^yon^o/o^t/<:  /Tdt- YZ"""'''=^ 
a/VarriZ.>>-^,y3<i     'Z'4./^./<l  5 cP  Z^n^  Z<i»^n  yf/Z-  Si'c,. 

piN£iAyy/y 

94 

6722.2 

So//,nZ'inc  on^f's/^/e-  ^Z'-Zi^^ /V^^/f  /Zd.,  e^oa'M-P^^r,  -^Z^J^^*/- 
Deer  fcrH-L,r,d^nAorjZ  ZZc^.-^-^oo'  S.  »^AieA/^cr  A/c^^c 

97 

C^.oos 

Bo//       rooi  oP  Z^rjc  ont^s/dc  oP  £oxj^  ZVctc/r  //''Z  f-  -^oo' 
N  oP  ZVAiZc  Hou^& 

PINE  Lm/\/ 

96 

So//  in  roo^  oP  Z^,nG.  0.7  yy:  ^/c/^  c./"/f'c?^/  /Ke c /r /f c/ <>- 
s-o-  ^  oP  Z/^c^c/r 

r/A/£z/Fm 

99 

87.372. 

Bo//-  yr/  ATrr,  a//  Oa/T  o//Y.^.c  o^.  <,Z'£  c^Z  ZZ-^cfT  /Fd.  ^/T'Z; 

oP ^yys-  *  Z^r^iZe.  /Z oZ" /r.  ZT-  -Zr-o<^n: 

2 
O 


H.W.H.  \?S, 
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TAEI.K  ()2  {Continued) 


LOCffL/TY 

B 

D£SC/f/FTION  (jT) 

IOC 

BoJi-       ruot  0/ /or^e  /^/^e  on  /V  ^/c/c  o/"  c/ec?-^/^y  30O'£'. 

/o/ 

2.4.72^ 

Uc/e//  /^</    /^i? £>'/!/  o-P  -//^.pc/r 

/oz 

/OS 

2,-3. est 

0o/y  //7  roc-/-  «/' /of^oe  /f///o*^  on  tV.  s/a'c        Mojs/e  /=74/-c 

/o^ 

J6.)C9 

Oo//-        rfe/  0/'  /ary&   Oo/T  0^   S.  S/a^c  o^/^u^  c/C-^S  >- 

/OS 

44.540 

Bo/t^ /r7  r-oo^  o/*  Oo/f  0^  ^     <:«r:  o^/f-f-y^r-s  ^c//t^  t^/^(/r^  .S^o' 

/Of, 

54.Z4-J 

/0  7 

38.8)5 

So///n  Oo/r  or?  ^.  c/</e  o/'/f'<yi-.S-o'.^'o/'<=c/r  cy^'/9<fj:s>>orei  /?</. 
'¥/r/£:/-r.S  J.ar7C.  ///^ot/y^  >eoo'>r  c/A'/c/ro-  ^r7^ 

/ce 

56.155 

S/V  cor-.  o/'/S'./^             0/' ^oj  jShor-s  /Ta"^  6 O  ^^'/^  aj^  c  c  r-.  ..' 

/0  9 

Sl.738 

So//  /rf  0rr7a//y^//7C    a/  /]/ ^.  cor;  0^  ^aj^tT/rofe  /fc/ v- 

LCC/lL/Ty 

3  /y? 

ELEymo/v 

£>£Sc/ri/^r/oA/  ^ 

D£r/f /^//ff/f 

//c 

72.Z37 

JO  - S  0/  C<^^/r^c^//                /ffy'  /^acA/ 

III 

78.678 

C^o//  //7    00/  0/^  /oz-yc  TT-c^c  0/^  >S         or-,  a  J  A'^y.  /'i/nntrT^^aruZ/c  / 

UfE/r'  /^AffK 

//^ 

83.844 

do//  yr>  roo/  0/^  r-'.rfc:  ci^//^/</cr  oP  //o*r  S. 

£DC€¥VOaD 

113 

70488 

Ou//  ,n  azrr«//  /^,r,c  c/'  J"        <^  or-  cJ  A^at^CZ/y^i.  e- .  t~           ^  y  1 
rt/rjrj/ny  S.  //l>»tf/ Soo'  /T'-'y /*ryc:  /y/ti/t--  Mfi'Jc:  'ff^/rf'/c  S.e^  /fA' 

EQC£yVOOO 

ii-^- 

>S7030 

tfa//  /r?  /^oot        /t»r-^c  Oo/f  tT / /r7y //?  o/>cr7  /j/.  •S'OO'^. 

0/7YS//0A'£ 

1/5 

66937 

Oo//  ,zt  y  o^t  oj  /urjt^  /-yWd-  70-yz  orry  /"A*^          /<rc  oj^y^l/  ^A>cj^ 

o/zayio/Y 

//C 

53.2.87 

0o//  //,  y-oo/  0/  /€fr yc  CJo/f  ar7  ^  Ji/^Yc  o^^^^JiAcr-t^  ^<4 
300'^'.         ^/<.  yf  j  y'  or-yrr 

o/7y5//o/i'£ 

//7 

6I.G5  9 

ffo/y  /rf  yoo/  o>"  /or-yt:  /^y^e:  orr  JT   «r/*'t          /ft^  t  '/d.z^//< 

ef/rys//o^£ 

//8 

Z6.^44 

ffo//  ,r,  yoo/ oj^  Jy^9///^,yrez   0^        j,i/c.   oJ  yfo,<//f^./c-oa^yyiAf 

tt/7iJ//0/r£ 

//9 

2.5.959 

CJo/y  yyf  r-oo*  oJ^  y/rt  c  30  '/roA/.  -"-sT^- 
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TABLE  ()2  (Continued) 


LOCffL/TY 

3  A7 

s.  / 

/so 

6  O.OZS' 

73.736 

£DC£JtOOO 

Go//-  //7  ro      oJ  /^,r7C  o^iS:  j^.  ^or  cJ  /Peer  /^y-^  ■^'J'^  OJa/ 

Bf?fNTI1^000 

79  /  2^ 

Bo//  in  rooi  oJ^  /oz-ae.  /%7e.  cr?  f  J'lt/c  e/  O/c/  7e /eo  r-ti^A  /^-^«-<r/«/ 

Bff£:NTmoo 

7^.3  75' 

Bo//-  irr  roo-/       /^tnc  ■*oJ'r-om  >*'j'/v'<=  oj^  O/^  7c/g  a/^oyo/,  /f^  , 

^OO  A/ c/ JfA,/c //oL^c^ts     3/^  f?7,/c  jJ".  /^oc/r 

670/0 

/Z9 

Ijo//  ///  reo^  o/' /orye  /^/7C  Of/  //.S.  c  orr  o/'  S  *^/^ye.  f  /ftyr-i/rrni/^f  ^: 

2 

-4 


B.W.S.  4(14 


LOCffLITY 

ELEm/0/^ 

DrSCfflE'TJON  % 

/JO 

32L.06I 

ff  ff.  Sfl  tf^  in  /ofoG  /^//7C  c*      £.  cor-         i>7/^cfs  tx'-f-'o  rt  oY' 
Yf^i.  J-  £OC  ■^oY'  Y^  nA/Y*! 

BffYSHO/fe 

/J/ 

Bo//  /J7  roo/  oY'  Oo/rc3/  A/  E  cor-         /<7Ycr-st.'<^/,Or7  oY'/fyj 

eoO'  /S/  £  o/'^  /^/9//<= 

BffYSHOffE 

/JZ 

Bo//  /r?  rooY  oJ  >^/r7o//  Y^,n  c  on  ^.  J>/Ve  oJ^  Y/o/i  cy  ijA 
0-  /ooo'  A/  oY  ^  "SI 

BffYSHOfff 

/J  J 

50.084- 

Bo//  /n  roo/  o/'Yo/^a^  Y^/r7<=  or?  ^.  S/^c  oY"  Y/aY-i'-'y  /S'/'^  y  ooo' 
A/  oY'^^-'SS 

/3/9YSHOff£ 

/J-f 

70.143 

ffe//  /rf  ^oo/  oY'  SzT^o//  Y^yr?<s  Or,       S,tYS4>Y'  YYo/fcy  SY  ^^^//fe 
ATo/'YAe  e^or-  oY'y^*t^r  ^e*  -^e- 

/3j5" 

<>3J09 

Bo/Y  1/7  rco/  tY"  Y^'/nc  or?       J/*/e  oY' YYt^/x  c*  ^*^cr  'h'/i.  rrfzY,: 
J.  oY'YAe.  corr  oP  iSoxYons  Y?<Y 

BfJYSHOtfE 

/36 

Bo//  in  /ro^Y  o/^ ^rrte  ortJE'^/'iYc  o/^ ^j^/^ a  /f^C^  JO'S.  oY'tvJrcrTc 
hfcycYc  /><r/A  cr-oss^i,  Y/'iY.'*- /rrj,/c  S.  oY'cor  oY*  iS'tucYor?  YY*'<i: 

B/?YSHOff£ 

/J  7 

S.YYeor.oY'S.Y^  Or?  /r.s/Uti  oY' YY^^/xra  Y^/^c.  9- o/  /V  trr?^  o/"  ft^Z/'C 
Y'^r?cc    /aoa' YY o/^.  err^Y  oY^ ^oyaAo/^t:  Y^ocG  T^efc^. 

e/?YSHO/r£ 

/38 

27.20Z 

Bo/Y  /rr  rco^oY'  Oa/T or?  /Ks/e/a  oY^  /S'<?x/or?  Yr'a'.  t- C  YY. 
or  73 

effYSHOffE 

/39 

33.002. 

ft.ffspi/fe.  ,r7  /orytz  /*irfe^  orf  £1  S/<Yc  o/*  JloxYoft /Oo'A( o^c^irr 
o/  JfcY  /-t/rtrr^nff  YY YT       Joo- 3.  o/'^  "YS^. 

B  W.S.  40", 
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TAET.K   ()2  [Ccnitinucd) 


LOCALITY 

B  flf 

ELEy/rr/oN 

DESCRIPTION 

BffYSHOffE 

I4-0 

BRYSHOffE 

14-1 

TO  503 



BRENTWOOD 

14-2 

J<S.7  7  Z 

BABYLON 

dffBYLON 

4^.583 

145 

5:3.36)5 

h/ire.  noil  in  /-cc/'  oF  /orys  F'>/-jCi  /SC.'  /S/  cP  £'y^y//^<^  hci 
E^X^<^''"^c-n/^a/  E'ui^T^^inc,  S  ha 

BAYS  HO  re: 

14-6 

Bo/^  /n              8  "/^'oc  ( /so  '/y.  or  7«jy  ive  //  * ^4-)  on  £.  ^ ide.  /s/ 
iivood  rooct  Eof  Hyde.  profie.r^if  anc/  at)ou-f-  Qoo^  /Y 

BAYSHORE 

iSo//  in  rooi^  oT  3"pinz  on  E.^/de.  oE  /.it  ^^/'ood.  roaol  £  oE 
Hyc/e  ptopzr-/!/  antd  ai?ou/  isco/^  f^.oE /^uncif^d. 
(//cnter'4  ^^^A 

RAYS  MORE 

148 

GO. ^9 

6o//  in  i,icle.  o/"  4-" -/win  pines  on  W.  nac  oE  / iMOod  road 
£■■  o/'  ^Yde  orope.H-y ,  aaoo/-z:ioo  E/-  /V  o/"  /*fi/nci^  E'oad 
C//un  /-zr'j  //ii'C  J   30r''t  W.  o/'  Te^r  h'e.//  a/  SS 

BRENTWOOD 

149 

81.743 

Qol-f-  in  root  of  e" Oak  abou-f-       mi/e  Ea^s/ oE  B  rcn/^ooa 
cn  roact  ^Cen/ra/ fs/ip  a/  <S.W.  Cof.  oE  roact  i  n/crscci/on . 

B.W.S.  408 


LOCAUTY 

BM. 

ELEIY. 

DE^CR/PT/ON  ® 

CENT.  15  LIP 

150 

90.586 

Bo/^  in  rool-  of  lartje.  pme.  ,  odou^  1  mile.  )V.  of'  Ccn/ra/  Is/p 
^7/  /^  E.  Cor.  of  in/crscc/'on  of  road  from /s/ip  ■fcQrenZ-wcod, 
anc/  road  t^o  f/aoppauqc  . 

CENT.  ISLIP 

15  1 

81.161 

6o//  'n  roo-^  of  Jarqep/ne.  ai>oo/  ^/tf-milc  W  of Ccn/ral  li/ip 
on  sou/h  side,  of  road  -/o  Bran/ u^ood. 

CENT.  ISLIP 

15a 

8i.9ia 

&o/fyn  reo/  of  /2  ■  C  he.A/r}o/-  on  /V  S/dC  of  road  /-o 
0ra.n-/yvood  O£)ou^ mr/e.   h/-  of  Ce^i/ra/  /^//p> 

CENT  I'SLIP 

153 

87.875 

PafcAo^oe  BM.  Bo/Yroaf  /ar^e  c/f«fry  trce^  4^'/Y.B.  of 
Cc/7f}-a/  h//p  ySfaT/'on. 

CENTI6UP 

154- 

69.865 

L  lB.M.*'4-l/  NutonS  h/cornerEf.fT.ji^na//>oJit  JOOO'JYof 
Central  /j/ip  ^fat/ort,  /V  of  fTack. 

CENT.  ISLIP 

155 

52  63i 

SioH- bam  of /O  l^hi/\:.CaA    Sof/.       cf /-rack  zine^  ZS^^ 
W  of  Whe-Z/cr  flt^.  dboo/  /^  rni/es  £.  of  C«.n/ra/  /a/,jo 
S/af'or?. 

CENT.  I5LIP 

156 

4-4.356 

BolfSjida  tsle^raph ^ole*dSS;  JO'/Y  B.  B 

CENT  1  SLIP- 

(57 

47.366 

Bolt  to/3  blacH  and rrhite  f>ost;  /O  '6  R.B  on  cu/yert  orer 
Connet^uot  Brook . 

CENT  ISLIP 

I5B 

7  1 . LB8 

Bo/t  /V£  i>aje  /B  "oak,  JO  V5.  B  B  /OO  ht.  of  OxheacY  Boad 

CENT.  ISLIP 

t58 

42,.030 

Nail  root  pine  at  intsr  of  roads  '/xmi  tV  B.P.  and  J/*  /ni.E.  of 
Centfal  h/ip  Station  3  M /jSO' l^af  interjection. 

o 


cQ 


T. 


667 


TABLE   (52  {Concluded) 


LOC/iUTY 

B.M. 

ELEi/. 

DESCRIPTION  (n) 

CENT  JJLIP 

160 

51.185 

AJf//  roof  pi ne  ZS'A/anoJe  in  road  s3'M/ni.  E.  of  Cef7ffi7/  /sJ/p 
jToTion  onci  //ni.  /v.o/  rrac/i.  o  ri.  is  or fitfcrsecf/ort  o/  *jffc- 
ondar(/  road  oppos/te  red i>t///dirj^. 

CENT/SUP 

16  1 

68.956 

A/ail  roof  12. "_  /ocusf  infcrject/on  of  fences  andoppojlfis  /n/Sf. 

roadi-  Zmi.  1^  filonMonkp/na  /.a/r«  and m/dtfyay  defhteen 
Countrg-  /?oad  and  /J  /?. 

WIUPPflUGUE 

I6L 

5Z986 

A^il  roof  small  oa/r  on£.  jtde  of  jnfersecf/on  of  roads //z  mi. 
5.  /»f  of  /^onlTonfro/na  take  and  ]^/n/.  J.  of  Country  ffoad. 

HfiUPPflUGUE 

163 

59739 

Nq//  root  /4  "cherra  af  mt'ersect/bn  of  roods  Aa/f  yirau 
tiettyeen  Ea/re  /^onnonHama  and  t/aoppai/^ue  and/iTni- 
SofCcunfTi/  Pioad. 

HflUPPflUGUE 

164 

59  .^90 

A/a//  roof  /0"oaH  at  crass  roads  'A  rrziu  i>atnee/7  JLaf^e  . 
f^onkon /roma  and  t/auppaL/aus.  /9.  Tl-  /s  JS'^out/j or  /n - 
rersecfwn  ana  on  kY.  side  or  road. 

SM/THTOtVN 

165 

55560 

Ata/I  roof  a/ant  tya/nuf  ft-ee  on  -5.  s/e/e  ofma/n  road,  /  '/em/. 
E     ttauppaupue.  B/'f.  /s  200  £.  of  cross  roac/s. 

BP/^NCH 

166 

69.984- 

3o/t  root  to  '/ocust/n  A/.E.  an^/e  of roads  at  t/au^pa  cyue 
dM  js  /ns/de  offence  of^arte. 

SMITHTOITN 
BRPNCH 

167 

64.2,97 

/iead  na//  /n    an  took  on  iVs/ds  road  from  •Smith  to  t^n 
^nynck  to  ffaaaoaaooe and a^ootfimi/V.of/tat/ppat/ai/c 
a     /sJj'pY  ofroad. 

BP^A/CH 

166 

74.131 

i^eadrkJ//  /n  sma/i  oak  an  £.  s/de  road  from  -^m/f/ftbryn 
Sra/TCA  to  /tauppai/gae.  0./*f./s  afioc/t /J"/\t o//nter.  o/road 
toE"  and  ci^oct  Aa // rrai/ tfet  Sm/t/f/bn'n ^ranc///auppaiMn,, 

SM/THTOITN 
BPP/VCH 

159 

60.765 

/\/ai/knffJ)rootg/ant  oak  tooW.  /n/^rsac/yon  of  road  ^fmi^ 
Souffj  or  ySm/fTifonn  3 ranch,  an  r^aef  from  Jmnnrvt^n 
Sranct)  to  /taoppao^oe. 

LOC/iLITY 

BM. 

ELEV 

OESCPIPTION  @ 

6fiEATIflV£R 

no 

Z13.A-0A- 

Botf  in  roof  of  iZ  '  Pme.     Zi'  f^.  af  £J 

dABYLON 

171 

G.(,73 

N.£.Cor  o/"j/»/7e.  M  onum^nf-  of  S  .W  Cof.  of  Main 
£,  Thompson  Sfs. 

BABYLON 

172 

^■86  3 

N.E.Cor.  of  s/one.      onUmzn/  af  N  Vy^  Cor  of  Thompson 
onot  Pzict  f?Ves. 

BABYLON 

173 

26  IS- 

30/-&/n  bolKhe-ad    -z' from  -^op.    af  Tie^C  GaefC  in 
Weif  Creek   af  .Sear/es  boaf  f?oosa. 

/74- 

IS.  10 

fioi/  in  roof  of  pine  free.,  f/u^n  i^iff?  ground,  0^'  £^  of 
£3  ZTS^  on  Traycrse  l./ne. 

W.  /SLIP 

/7S 

II  360 

tfail  in  3' Oak  on  £.  side    of  f/ igbce.  ffti'e.  zoart  /f.  ef 
.Soufh  Counfri/  /^oaa/. 

W  /SLIP 

/76 

10.  24-7 

Bo/-/-  in  roo/  or  zo  Oak  on  Ssioiz  of  Sou-/h  Coun/nf  /^'o^aC 
oppoii/-c    /it  roafl  £■  of  i^/'a't^f'*^^  r>or>M. 

BAYS  HOPE 

/77 

IZ.34I 

Bo//-  in  roo/  of    2'  //icHrai-f  fr<,e.  -  7 Hi.    ^/-cc  £.  or 
M  onof  i-ane.  on  Sou//?  Coun/r^f  /?oac^. 

BAY6HOff£ 

/78 

8.  231 

Bo/f  in  roof  on  /V.  jio/e  of  free.  ■  UT  or  P'ark  fji^e..  /V 
Side  or  ^oo/h  Covnfn/  ^oad. 

BAYS  HOPE 

/73 

/^.  S26 

r^Oi/  in.    y-e/.Po/e  ^ci-ie<i,  /  r^  oiboire  ejroLina/, 
^asf  or  /i/kv/r/}  ffk/e  on  Soo-/-k  Coan-Zrif  ^oa^. 

I5LIP 

IdO 

Z2.  742 

/Jail  in  S.side.  Tk/  fh/e  I  ZeS  on  S.  siah  Sot///r  Coa/^ry  fd>ocf,  /fh 
^3/>oye  ground,  near  Car/efon  ^Ve. 

/^L/P 

181 

/4.2SS 

Ai7///n  /7orf//s/de  at  7^.  fa/e  E- 2-36  ansix/Zi^s/de  afi^^//// 
Coc/nfry  /^aad,  n<^/-  A/ass  a^r  ^^i^ff. 

/3LfP 

fZ.S30 

Mj//  in  root  oY  Z"^re0  an  /wr/Ae^/tsf  carnurr  of  Saxai7  /I'rvs.  9^ 
'Soi/ffr  Coe/r7t7y  /food. 

\ 

i 

1 
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TABLE  63 


jnr/)i  JTY 

S  A/. 

L        yr  lit  t//  r 

/?/■.  sr/^/PT/D/v  C\\ 

Pa/'choguje 

zo/ 

26.727 

/V.  NuK  f^' re  Hydran/-  <:>a.p^     tv  Cor.  Occon  ^ye.  5  Cec/or 
Grotto  /^/'e- 

/Yeao/  oT/l^a)/ Jn  roof-  oFOa/^  ^ref,  opp  .corn  F/e-Zc/^  /ao  F/.  .'Sorffr 
oF  roao/  or?  S.3JcfeF/e/al^  ±  ^/^  m  }      /V .  of  /r'o  e  /pi/'e. 

203 

48.020 

Uai/  fh  P/ne  tris^  ^yv.  .Sfc/c  of  rocte/ 

204- 

^4.600 

/Voff  I'n  ^rne  free  -^o /v'.  >K //7 /« /"^ e  <=■/•/•      AF.Oceo^  Fffc.  o/ra' 
Cross  r<jC7c/ 

205 

S6.2/0 

/Vo//  fn  Pine  f-re-er,  £.oF  roao/ 

206 

63.  J  70 

Naif  Jn  Pine  ^ree^  £.  oP  rooc/ 

207 

eo.47o 

//a//  irr  P/nc  free.   tV.  oF  I'ooc/  o6oct/  ^oo  ft  ^,eF  L./.Fi,R 
M^ain  Line,  £.oF  A/o //j-*^/7/e 

208 

/ 00.550 

A'o/V  in  Pine  f-rtv^  yv,  s/c/e  Spencer  //^c.  cor.  >5  ./r^  roac/  fo 
tYofer/y  fife. 

209 

67  850 

/?./?.  Zp  iKe  in  F',^,f  f-ree.Sa  ff.  tV.  of  sSyO^ncer  /9^'e. 

2/0 

63.690 

5p'f<e  in  F'ine  Anev,  t*'.  of  Spencer  ff  re. 

< 


2 


L0C/1L/TY 

B.M 

D£SCff/PT/0/V  (2) 

211 

61. 610 

/Vot/  in  Pine  free   yV.  of  ^p^ncer  Ff^e 

Blue  Poin/' 

212. 

v5/.  no 

/P      Spi /^v  in  Pine  ^i-^r  iL-*oo  F^  .S.  oF cross  rooaf        oF  Satrncvr 
/?re. 

2/3 

4/.  191 

/?  ^  SpiiKe  in  Pine  ^ree   <S.F  Cor  3pencer  Ffr^e.  M  Siue  /=b'nf 
P'ooo/ 

2/4- 

32  690 

//ail  in  Pine^  £  Side  ^Spenc^r  H^e.  /2oo  f^  >5.  of  &/c/e  Phinf^ 
f?oac/. 

3cLypor/- 

2/5 

25.650 

TacH  in  OaK  free    S.S.  cor  ^/-ooo/i^oy  /f^e  i  ^ur^er  /9 t^e 

2/6 

4  /  /40 

Ff  F?SpiHe  in  P'ine  free,  y^sicie  Araao/>ya.y  FJ^e    S.  o/fi/tve 
F^o  /  n  /  Fr'oocJ 

2/7 

59  490 

Pff  3pihe  in  Pina  free  //  f  Cor  Broodt^oy  fft^e  t  /foao'  P. 

2/8 

79.465 

F?  f^  SpiKe  in  OqK  free,  £..side  &roc.oi>»r<xy  F9i^e 

2/9 

923^/ 

/f     SpiMe  in  OaJ<  free,  £  side  Sraodt^ay  /tt^e  '/^trn/e 
J  of  inhe-r^ecfton    LoAv     ^re . 

22  O 

/O4.^>oe 

/Yet'f  m  Ffoot  of  farge  OoM  300  ff  <S  oF  /fa/6roaff  Sq/ioo/ 
ffou.se ,£  S/'c/e  ^a.Ae  Ffood 

o 
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TABLE  63  (Continued) 


L0C/1L/TY 

B.M. 

€l£U/lTIOt\ 

/^o/hrooH 

221 

R^.5pik^    'n   7>/ yoo/e    /Vo./oe9    /Y  of /.././?  fx"   /Vfo/rr  JL/rre 

222 

/ 13.661 

/?.ff  S/oiHc         A/fo/o/e  fref:.  /V  of  L. //?/=?.  .SO/'/,  t^es/  o/" 
vS"/' o/"/  or? 

223 

/  0^-7^2 

/F/f.S/o/Ae  /'n  /'/We  A-ee       0^  ^ec/e//  /fooc/,   /OO  f/;  .S.  oF 

224 

ee.se  z 

/P. S/o/Ae   in  ^ine  sS/c/mp   /SS  f/^5.  Jrr  ter.se  <:  f'/on  of 

3ohenn  / 

225 

74  869 

5/o/A-e  //7  Oak  Tree    2oo  FA  <S  0/" />7/e/-.s«po//o^  oF 
/.o/rc/orrc/  /7fe.  Si  Saherm  a  /r'oac/. 

226 

60./ 6^ 

3oaf/-  vJ.  oF  Church  SA 

227 

/f  /PS/o'/re  /n  A=>,ne  Ti-ee,  l^s/c/e  ZoAe/onc/ /^k'e         FA  -S.  oF 
TeJ  poJe  /'2/3S 

228 

/6.3/0 

Af.  ^  S/o/Af  /'rr  7e/  /3o/e  /oo  Ff.      oF  Oceor?  /ft^e.  /V  s/c/e 
L  .//t'  /9.  FrocA^. 

M 

229 

/^.7Z7 

A?  ff  Zfoihe  in  OqK  Tree   /V.  <^ co/r  SoyFl^e   oA  l.A  f?.F?, 

2Z0 

Z3.  15/ 

/VoiA  in  OoK  Tree,  *^  s/c/^s  Ai^ecAForol           /oO  FA  fV.  oF 
/VofFhrio/^G  <SF 

o 


u 
z 

CD 
>- 


B.WS.  497 


LOC/ZL/TY 

3/V? 

£L£V/IT/OS 

D£SCRaf>tion  @ 

23/ 

49  140 

Fr'A^Spihv  /rr  z*"/^  e            eo/yc  of  i^ooais,  ctF  /rrAer^^^A/on  oF 
Afea/Foro/  Ar'c  4"  Oarorrr  F?ocioA 

232 

63.490 

A>  /?  Spi  ke  in  Pinc  /r-ee,  £:  ^ic/e  y^ec/Foro/  ✓9'*'€>. 

233 

62.730 

/^or/ in  F^/rre  Ar^ ,  £.   a  F  /y? ^c/Forc/ /Ai^e.    /oo  FF.  S.  orrc/ 
•S.-SicAe  /^eco^/c  /Ai^e 

234 

68  4eo 

FP.f?.  Sp/Are  ir?  /org^  ^sh  Jrsej  /^ec/Fara/  fPaoc/^  /oo  FA.  /V.  oF 

£.  F'oFcJ7ogoie 

235 

/3.333 

Thp  oFDr/FAjboA/^  Fopa/-/c^,iy.QbuAmenA  l././^  ff  br-icA^c 
.Sy^an  Afiy^r,  oAo/?^A^  oF /^y^^  ,  ^.  ^ioAe . 

236 

20.710 

AVoi/  in  2jioA.  Ae/^o/e  £.  oF  A^tJcA  Ci-^eF  F//A,  S.^i<=Ae  L.A/t'F?. 

237 

23  oee 

A/oiA  ir?  A?ooAoF/^ineTr-eej  irjF^rs  cc/ Aorr  oF  Af /cAcAAe  /sAanoA 
anoA  yoiphon  H  /?oaciA.s. 

238 

23. 000 

A/aiA  in  roa/-    oF  OoH,  W.SlcAc  /i^ i cAc/Ae  /sAono/  /t'oqc/  aA 
AV.ec/gc  tsF  c/earing. 

239 

33^30 

Top  oFCa.p,  i^cAA   2.0 A 

240 

36  037 

AiaiA  in  r'aoA  of  s^rrra//  OaA,  £:..S/c/e  /-ra/A             FA.  £.aF 
yi//lAFe  A}oi.^-^e  on   GeurForr  /At^e 

(0 


B.W.8.  4S0 


070 


TABLE   03  {Continued) 


f  Patch  o^ue 

241 

46.JB5 

Tof^  o/*             V^^//  'Z.O^    CZor.           ^on  /i^^e 

/^otchogue 

2^2 

56.956 

243 

44. 24 O 

Z^4- 

35.  24  1 

7o/D  OA  '..^CLf'.  yr^'l  ^3o 

245 

2777^ 

/Vo//  in  ^/r?e  /Vee        o/'  /Vfee/Forc/  /ft^e.  on  /To// 

//overman 

ZA6 

15.6/5 

Top  of  Cap,  >Vc//    23-^,   ^iJr?/or7  >7*-t>    xJ.  of  /.  /  /7 

24  7 

/5.600 

/Vo//  in  roo^   of  OaA  /"r-ee,   />5  /"/.  >V  o/"  /Ju^/on  /7»'r 

246 

27.054 

Top  oF  Cap,  yVe//   235,  £.  of  £>ur7/on  /^ye 

249 

37  338 

A/o//  fn  /longer  yS/gno/  on  Ot^n/on  S./../.^^ 

260 

35.52/ 

/f./f.Spi  He  in  fine  /ret  ,ec/gc  of  yyrooc/s.  2.000  F/.  //  o  F  in/. 
Lo/^e  fond  i  /Moscow  /fi/'e'^y 

B.W.S.  478 


LOC/^L/TY 

fi£y/fr/o/t 

^S>S  €/?//=  T/O/V  (6) 

\5c7  y  v  /'//  e 

25/ 

3/276 

Cf^c/  /yfo.sCOf*'  /Vt'e-'J.  /f.sio/f 

252 

/  9.98  5 

Top  of  C<xp.  y^ell  229    Co/-,  n^y/or  /^xe 

Bc/fpor/- 

253 

Top  oF  cap.  i^e//  250 

254 

44.405 

N  £  Cor  Dctn/on  F?oao/ 

255 

50946 

Top  of  cap,  yve/f  244-     '/-xrr,'/*  £  of  Oun/^on  f?oao/ 

256 

24  /45 

lop  oF  CQ.p,  *Ve//    233.  /ooo  f/ of  /:?urT/^or?  fr^aa/ 

257 

35.3/8 

Jhpof  Cop,  r^e//  2o5    on  /i  VY  /ro//       of  Durt/o/t  /^^e 

258 

5  75  SO 

Top  of  Cop,   kV^//   Zo4.  Cor  Du/7/or7  *  Bar /on  /^ye's. 

259 

52.52/ 

Top  of  Cop    yym//  2o3,  'Ami/*  £.  oF  Ot^rt/or>  /ffe.  one/ 
on  ffoocV  /V  of  Air /on  Af*. 

260 

4/362 

Ti,/o  of  Cop,     yVe//    23/    yv.  of  B€///oor/  S/^        /  /f.^ 

if) 

< 
2 


>- 


IJ.W.8.  479 


6/1 


TABI>E   63  (Continued) 


LOC/JL/TY 

amr/o/f 

Paf'chogue 

Z6I 

Z7.6I6 

/PffSjoiKe  ,n  Ae/.^o/e  .fi.//.  2930    A'  1^  Co/-  /Poe  o/7a'  Ocean  /J^es 

262 

29.369 

/Vo'  '  /n  root^  of   Oa/<7'/'eG,  fi?oe            oyo^cs/Ac  yVesf^  <sncJ  a  f 
clear  m  g. 

263 

IIBBb 

A/a,/  in  crib  log  AT  £  Cor  bridge,  f^oe /?>^e.    jLo  cjs  /y? , //  /=b  n 

264 

I2.Z1S 

/^/PS/o//re    'n  •Sr}^o//  f-ree    o/  edge  oF  stTeon-i   ah  •Si'/'c  of 
proposed  l^eir^  £.  ^forrcJt  ^o/'cJiogi.^  GreeA. 

u 

265 

39.  ISQ 

A/Oi/  inroo/-  f-r/plc  ooH  ^ree    t^^io/e    Ocean  /Jye   a/-  A/.^c/cjq 
cJcor i ng ,  o f>p ..sm a//  r'oa.tJ  fo  £ 

266 

f5.S2S 

A/  £  (Zor  S  door  vS/// ^/(PcA/^/c  /./y/:/  S  fa..     /ooof^/^  AVe^/  oF 
>5a.yville  .Sf'oJ-ion,  I .  /  f? /r>. 

267 

30  265 

Bol/  in  raol"  Small  OaK  Tree  , /V£  Cor-  ^  F^  ana/ roadj  do  FF /Vaf 
f-racJ^^    /ooaf/'  1^  of  B.07.  266 

268 

30520 

7hp  of^  Cjofi,  f^eJl  IZ3,    r/  cf/r.Ff. 

269 

330/6 

BolF  /n  /op  of  S  /Fa//  ^e<sF.  opp  /yiiUpos/-  4-3  Z./-^/P. 

270 

33239 

Top        cap,              /22  ,  opp.  f.Ci.Go(^rne\s  3/a/irrg 

o 


r 


B.W.S.  47C 


LOCALITY 

BM 

ElEMT/Oti 

£f£^Ci9/^r/0/^  (8) 

vSoy  V  / V/e 

Zll 

So//-  ■S  £  Cor  founc/o/ton    oF  Jemophore     opf>    7-c/.  po/c  /SQS 

272 

24  605 

Top  of  CcLp     FVe//  /2/ 

2.13 

A^lid 

•Aa//  /r?  Tihr/>7  OoA^  /n  f^/rye-  ry^oaa/s,  /Ocfr/-/y  c/c-oreW ,  ^.5o/y. 
£.  ef/3  -336^ 

27^ 

51.161 

Bo/F  in  roo/  of  OoK  Tree,  IY.sic/c  oF  roacJ    ah  traif  As  //.VK 
obou/  eoo  f/  //  oF  /p  Fp. 

273 

6  24S 

/To/I  in  roo/  oF  F^in  A)^///<7*v  Tree  y/.~sJe/e  Sact//,  Cot^n/ry  /Pooo' 
7oo  f^  at:  af  Ff'oosei'e//^  i>r.>c/ye 

276 

26072 

Top  of  f'pe,  y^e//   /e-Z    (//o.  cap  on) 

AY.  -^c5.  ese-./            ^.    2*69  6^2  6 

OoRdale 

277 

/6.9e/ 

Top  of  cap,  yy^//  //7,  iY..Slc/e  roaol  To  OoAdale  'S/o/ion 
/V  of  f?  F? 

276 

I2.1IQ 

Bc/f  A^£.Cor.  Semaphore  /Vo.  ^73.   Zoo  Ff.  £.of  Ookdole  v5/a. 

HcLtj^rman 

279 

3^  725 

Top  of  coLp.  yVe// 

OaAdo/e 

280 

-^3.329 

Bo//-  'ri  s/ump  of  Small  Pi'ne  Tree .  a/-  /r?/.  of^ra//  tvi/Zi 
r  tie's  Ff octet 

z 

o 


B.VVS.  J7T 
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TABLE  63  (Continued) 


lOC/lLITY 

3.M. 

£LEVflTIOft 

/?f6Cf?/PT/0/V  (9) 

OahcJoJe 

281 

49.945 

So/^  tn  Sfurnjo  ofSma///o/rje,  ^.•S/cJc  of  /^o^/ 

282 

4/.  2/7 

Top  of  Co^.    kV&//  //<9 

283 

S0.S05 

EioJf-  in  stump  oF  Smo//  F'ine,     Bo(-irn<5S  /7oa^ 

284 

^3648 

To/o  oFCa./o,     kVe//    //5       Pone/  ^ooc/ 

285 

Top  of  C<xp,  yV^J/    //6      f^onct  /^oarof 

286 

Ii.l5l 

So//  'n  s/-ump  of  Sy^o//  /^''ne,  £>cica  o/"  >^e//  //6 

287 

J 0037 

Top  of  Gy, ,  yye//  //s 

/^atchogue 

288 

35.899 

Top  of  Cup,  /fe//  /^5,  tVcxKrerly  /}i^e. 

289 

42.45 1 

Tbp  of  Caf>.            i66.  yycLi^er/y 

290 

38.332 

Tbp  ofcoLp,  yVeii  ISO,  yycL^'cf/y  /li/-e 

lOC/Jl/TY 

B.  A/1. 

eui/ziT/oh 

OESC/f/fT/O/^  (jg) 

//  Hctgermon 

231 

62605 

So//      stamp  of  -Sm  o  //  P'/ne 

292 

70114 

Tbp  oPCap,  yr-e//  'Z'2/ 

295 

67502 

Bo// 'r?  stump  of  Sma//  Pinf ,  yS.  £  Cor.  Dun/on  fPoad  C3nd 
Gross  roctc/ 

29^ 

59652 

Top  at  Cap.    yy^l/  2.06 

235 

59  668 

Top  of  Cap,   yVeJ/  294 

3c //port 

296 

64.280 

Bo//-  in  .a/i^mp  of  imoJ/ Pine    on  £>cir  ton  /)\^e . -^oo'  kVo/  T/^,  / 

297 

6654Z 

Bo//  in  ^/ne  ■a/ump  3o' S  of  int.  Barton  one/  Se///oor/  Pv/r-.s 

e.  Sic/c. 

296 

69.097 

Tip  of  Cap,  y/9//  ZS2. 

v3.  fVlcolFoi-o/ 

299 

42.21^ 

Top  of  Cap.  tVs//  295 

500 

44.020 

Bolt  in  stump  Ssic/e  of  roaol .  -i^o' //  o  f  y/t: //  295 
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TABLE   63  (Continued) 


LOC/)L/TY 

B  M. 

501 

J6  262 

Thp  of  Cap.    fVe//  "2(9(9 

502. 

66.1 16 

Bolf'/n  stump  'S.S/c/c  ^ra,/,  "Roo' £  of  yi^eJ/  2oB 

Ot/O 

6/926 

yJ\J 

7bp  ofCcip,  yVe//  207 

505 

46.465 

Bo//-  /n  Cec/cw  77-ee    /So  '  IV.  Alsc/PorcJ 

506 

4Q687 

Top  of  Cap.  yVe//  1 60 

507 

56.  Z94 

Top  oF  Cap,    ^e'//  165 

506 

39.403 

Top  of  Cop,    Well  /£3 

503 

6/699 

Top  of  Cop,    t^^e-/l  161 

3/0 

7//7  3 

Bo/f  in  sfump  of  fine  Tree  Soo'       of  Sfif.  232    £.S/c/e  of  fife. 

z 
o 

1- 


B.W.S.  422 


LOC//L/TY 

B  M 

fl£\/fJT/ON 

/Bedford 

31/ 

7/. 469 

Top  of  Cop.  kVe//  lez 

3/2 

63.774- 

Tbp  of  Ccp,  i/Ve/l  /63 

3/3 

e/05Q 

ec/ge.  £.  aLvttr77enf  concr^l-e   J7  igh     Q.y  br/c/ge  %.rni7e 
yy  of  /y7ec/forc/  fff?  Sfof/on 

5/4 

62  Z/ 7 

Bo/f  In  yy  I'ol'  i^esl    opp.  Mile  posh  morkecJ  .5£~  4o  obouh 
y^m.  E.of  /Wed fore/  f?.ff  ^  fa /ion 

f/o/nf/e/d 

5/6 

62570 

Bo/f-  in  roof  of  OaH  Tree  '/^m.  1^-  of  f/o  Infield  '5  fa.  .So  S  cf  frocA 
Al  of  grocjp  of  oulhouses  in  /7o//oiy 

5/6 

/02.S57 

So//  /n  srrio//  f^lne  sS/ump    Z^o  ' of  l./.f?  ff.  fracf    on  liV..slcle 
of  f^o// 

5/7 

96  2/e 

Top  of  ccLp.    yVG/l  224- 

3/8 

63673 

Top  of  Cci^,  fVe//  2/0 

5/9 

/ 05.  ICS 

j  yy.Cor  Concrete  /hunc/c/-lon   of  /.//?/=?  Sxp.fig'/  Sfo.  fon/i: 
^/a,nfi'e/d  ^ 

f^ af  chogu^ 

520 

26.334 

Top  of  Cop,  iVe//  /S9 

B.W.S.  423 
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TABLE  ()3  (Continued) 


LOC/IL/TY 

B.M. 

MecJfor-c/ 

3  2  1 

60  0Z5 

Top  cf  Ccp.    >re//  209 

//o//.5i////e 

52 /a. 

65. 11 1 

32  2 

41.50^ 

Top  arCop,   AVe//  /S3 

3  23 

46.34-9 

Top  of  Cop,  H^e//  /£6 

f^o/" chogue 

22  69B 

3o//-  Jn  root  of  OoA  Tree  .  >S.^  Ca^  oA  Tro/f  rur^rj.nc)  .Sa<^r^ 

525 

6  4.0  24 

Top    of  Cop,  Afe// 

526 

3-74/2 

<go//  'rr  r-oof-  of  sSmo /I  OoH    /OO  '  /V.yY.  of  />7/e^jrec  A/or?  of 

/To  /7s. 

327 

25.  ©5  2 

MiV.  ha//  Scr7-icpf7or&  "'^SS  f ourrcia  A/ a  n ,   /ooo  '£asf  of 

328 

21.162 

Tbp  of  Cop,     We//  9/ 

529 

25./ 35 

Bolt  in  root  oF  OaKTree ,  /oo  ff^Y  of  /Ye//  9/ 

B.W.S.  4:;:; 

iOC/fl/TY 

B.M 

G/  ZP/Ve/' 

330 

20.13S 

BoJt  in  CroZ-ch  of  c/o<^b/e  OoA  Trtre  sof/  >*r  of  rye//  S3 

53/ 

15  292 

Tbp  of  Cop,  rve//  92 

332 

19926 

Top  of  Cop.  vre//  95 

333 

54865 

Bo//  in  ^/-ump  of.Srr>a//  OqA,  /ooo  fi  ^  of  l^e//  Si  ontVs/o/e 
of  /ro,/ 

33^ 

25  569 

iSo////^  sZ-cmp  of  a'P'oe    /Soo  //  of  yVe//  9Z 

535 

40  168 

Bo//- in  s/ump  of  i"  OaA    a/  in/ersecZ/on    of  rood  ano/ 

frai/^  20  fj-  £.  of  ti^e//  //ee 

536 

45.860 

/?  /?  Sp'  Ae  in  /orgc  f/ne  TT-ev 

Ce/7  /s//p 

^57 

45. 520 

Top  of  Cop,  iVe//  96 

538 

49050 

To/a  of  Cop,   yVe-l/  /OO 

339 

19.111 

Top  of  Cop.  tVe//  '57 
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TABLE  63  {Continued) 


lOC/IUTY 

n/r6C/=?/y°T-/a/v  (g) 

3/643 

73,^  oFCop    We//  /e3,   on   yop/ion  /^occ/ 
39064.0              /f.  27-?  277.  0 

3^  / 

26  453 

/?./P^/0/Ae           /=>/r7ff  T-z-ee    ^.^s/o/e  Yo/oha>nK   Road  /ooSo/' 
/r-O'/  /eac/ >n^  /o  s/o/e  c^/or-ea/  hoL^^e 

64.166 

Top  0^  Cop.   yy^//  y~54 

B/ue  f^o/nJ- 

4o.sei 

TopoFCci.p,    kV&//  /46 

3  /.  63  2 

Top  of  Cop^  i/V^// 

545 

33.534 

So/^  'r7  Jmo//  Oo/^  •s/'c/mp  0^  'nf'€'rsec/'''or?  of  Arai/  one/ 
3p€ncer  /fk'e. 

54-6 

37.664 

Top  of  Cap.     VYe//  //e^ 

347 

20635 

Top  of  Cop,     >re//  65 

5^8 

26.02O 

Top  of  Cop,   kVe//  66 

3^9 

33  250 

7hp  oF  Cop.    kVe//  G30 

B.W.S.  437 


LOC/ILITY 

fl£i//9T/OAi 

D55CR/^  T/  o/V  @ 

£.  /^/Ip 

3SO 

dr. 44  5 

Top  of  Cop,    yye//  93 

351 

32766 

0o//-  in  roof-  of  PJne  TT^ee  /ooo/^/.  S  of  //ojp/^a/,  n-  .S'c/e 
Cctr/Z-or?              opp.  /"rai  /  njrjrting 

Cen.  (slip 

332. 

3^.780 

Tbp  Of  Cap.    f^e//  9Q 

555 

57671 

f^.ff  Spi ke  in  A?//Oo/e  "'//76G^  /aoof/  /V  of  //asp'^a/  frac/x 
opp.  go /-e 

35  4 

/3.  J/5 

ffP  Sp/ke  in  Oo/r  77'ce,  Zoo  FI-.  /V.  of  BM  ■Ze4  on  f.  t>an/^  of 
sf <corn 

355 

I3S5/ 

Bo/^  /n  Ook  Tree  Joa'  //.  of  B.m.  264  y5ofA.P,  of  Sfreor^? 

Cen  /sf i p 

356 

66435 

Top  of  Cop,  lYe//  93 

357 

36/55 

e)oJf  'a  root  of  /arge  B/rr^h  Ti-ee .  7S  f/.  £.  of/T/=?  <5fo/-/o/7  of 
Cenh-ol  h/jp,  2S  Ff.  A'  of  //  ack 

0 

35G 

10.4QO 

Thpa/^Cap,    yVe/f  /o^ 

359 

52437 

7hp  of  Cc^_  ^e/f  /o/ 

5 


B.W.S.  4.38 
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TABLE  ()3  (Continued) 


LOC/JL/TY 

B.M 

n£^c/?/^r/o/v  (fl) 

Cert  /j/ip 

560 

S  0.265 

So//'  in  root  of  ^t'ne-  Tree  .500  A/      o/  J3o//-^rour?c/    on  £a^^ 
S-/c/e  of  /ro/'/. 

36J 

2/204 

Tap  of  Cap,    >Ye//  S? 

" 

562 

26.002 

Bo//  in  too/  oF  f/ne  fr^v ,  J^^>We  o/  /re  /  /Soa  /^A  /V.  of  iVe/f  97 

565 

30.935 

Sio//  'n  fine  Tree,  ^~Syc/e  of/-ra,/,.Sof/  S  of  IVe//  90 

364 

51011 

Top  of  Cop,    ^V<s//  SO 

566 

25.430 

Top  of/iu/  •S.fV.Cor.  •Je'Tjophor-e  four7c/Q/-ion  V-f<9,  /OOOF/ZV 

of/y^e//  97 

366 

249// 

Top  of  Cap.  fVe//  69 

567 

25.345 

•5£.Bo//  ^errtop/iore  '^-^-Z  ^Ounda/ion .   / 2.00  f^.  £a.sf  of 
B.M  S  // 

566 

25  639 

3o/f  in  /arje  Oah.  /kkKcoa.  f^/ver 

569 

2/624 

Top  of  Cap,  /Ye//  /oee 

lOCf^L/TY 

ELEVATION 

OESCR/PT/ON  (J6) 

G/-  Ri\/ef 

510 

22046 

Bo/^  in  foo/  of  Ooii  Tree,  3£.Cor.  of  cross  roac/s 

37  t 

/9e$s 

Bo//  in  roo/  oF  OoK  Tree 

372 

/47ei 

Top  oF  Cop.  t^e/f  ee 

373 

16096 

Sfop/e  in  roo/  ofOoA  Tree  Sf/  £  of  We//  OB 

£.  /s//p 

374 

/  3.5/0 

^fop/e  in  roo/  oF  Oo/r  Tree,  S.  s>c/e  oF  Trcn/ 

575 

/66II 

73p  aF  C^p,   FVe'//  G7 

576 

/7  /66 

^Staple'  in  /orge  Oaf<,>5oF/  //  oF  JTe//  6?.  /T^,^^  oF  roac/ 

\5oyvi//e 

377 

25.3/e 

/3o//  I'n  roo/  of  /o/'^e  Oa/C.  /K           /Vo//,  /ooo    /V  a/  t./ ffff 

37e 

30  703 

Tip  of  Cop,  JVe//  60 

379 

ZZ  091 

Bo// in  zhump  of  OoA  Tree  /20of/  //  ^  ofiTc/l  SO.  /Y.sic/e  of  /ra.l 

B.W.8.  42C 
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TABLE  63  (Continued) 


LOCALITY 

£J.£WfTION 

36  O 

iSo//  /n  roo/^  oF  /ar^e  F>ine,  /'Zoo  FA  tY.  af^Vc//  60 

■36/ 

4o.']ez 

Bo/A  /n  /^/ne  sActmp    -40  f A.  Af.  oA  >t^e//  AA3& 

362 

fiQ  7 

f 

Tip  of  Cop,  kVe/A  AA3a 

^fl  ^ 
oo  o 

4^2^653 

/VC  Cor:  To/o  of  A>^o/7L/f77en/  oA  I'nA^rse^ion  of  ^rn / fAi Aotfn  /?oatf 

i  ^iOiJfr7^  'sf//^G  ///7C   S.^.  Oo^ 

46708 

Thp  ofCo,/o,  yye//  /2o 

/V.  >3  /,  2  7  3                  S.  -2>3a  -9  7  3 

365 

60.455 

<SE  Cor.  /^onumen  f  a/  i  n  ter.secAi  on  oA  Araif  if^^/fAi 
SmiAhto^vn  /r'aac/ 

43  368 

^.t^  Cor.  Top  of  /y7or7Urr7enf  oA  /nA^rsecAiof}   o F             Aotrn  /7oad 
9nJ  Bourne's  Ay  re  /'ne 

3<9  7 

6034/ 

yS.n'.Cor  S/c/e-sAons  Honumenf  ofi^  nC'tv  AjowJe   ancJ  on 
A'ro/A  rc/nn / 

3ae 

3/527 

TopoACcLfi,  IV^/A  AA^S _  A/.0<recn  Aft^e  /Kj/^/e,  ^.of 

389 

23.025 

^AA  An  raoA  of  /or^t^  OoA    Bao  '  M  of  yir^//   SG  ,  on  £.  ■s/o/e  of 
CorAA-an  Ai'e.  So  FA  /V.  of  75/  poAeZ-  /670 

LocAfL/rr 

£LA^Air/ON 

D£3CA?/f=>T/o/^  @) 

390 

/ 05.606 

BoAA  Art  sAump  of  smo/r  OoAr  3o  FA  A\A  af  F^rAmory  Totter 
near  Fenae 

/Fory/f onAoma 

59/ 

/O/.  /2d 

BoAA  An  raaA  oF  &u  tAon     00  ot  Tree   /oo  FA.  £.  of  //oo-je 
usee/  as  f^r/rnarY  ^  _£to'//.of  Troc^ 

Ce>r7  /'S/zp 

392 

7<942e 

^o/A  in  roof  of  A^ap/e  Tree,  S  .s/e/v  Cor/ Aon  A t^e.  -^o  FA 
A/  oF  /P  er  CFunzA, ,  F^r<rnory  £^ 

J3ahej77/  0 

333 

65.355 

■5  S  Cor  ^/-one  Monc4menA   ■S.SCor  Sn-,  i  Afj  A«  /Pocc/ 
ane/  Chc/rcAt  SA 

394- 

75  045 

BoAA  An  sAumfl  on  Are^    2S  FA  A' oF      >Y  cor  born  cA 
inh  of  lo/reAone/  /?Ke  Qnct  'Smi     Aortrn  ffaao/ 

395 

60. 786 

-Top  oF  Cop.  yVe/A  J  32 

396 

6/.  679 

BoAA  I'n  cmoll  Pine  stump    /So  FA  yy  oF  y/eAA  /3-2   on  /A?^^ 
AVArceAvr-  Ffooc/. 

397 

e?  oe/ 

BoAF  /n  cv-oAch  oF  c/ou  b/e  Oo/^Jrif^c  sSJ^^  coi-.loAreAoncJ 
F/iTe  ono/  fYAfecAer  FAocc/ 

396 

eozso 

S.£^  Cor  /rAi,/s  morS/e  //^onumpn/          F/.  AA  oF /Pooo/  Sign,  0 /- 
/nA.  of  /VAi&eAer  f?ooo/   onat  .Taoo/  Ai  ^Soyvi A/e  »,  Oa /^c/ a / e 

399 

G/.e77 

AopoFCa.p,   kVe//  /Zoo 

«0 


B.W.S.  411 
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TAEI.E   03  (Continued) 


B./V7 

Df6CR//=>  T/O/W  @ 

Bohem/Q 

AOO 

" 

40/ 

€6397 

Thp  of  ^0-/0,  l^e//  //4- 

402 

eo.051 

*9o//       roof  of  /^/ne.  vJ.vS^/c/c  /*^ee/er  fr-ooof 

405 

60658 

Top  of  Cop  ^V^//  //3 

40^ 

64  I60 

To/o  of  Cop,  AKe//  //2 

405 

27  121 

fio//  in  roof  of/orye  ^/ne,  Zoo'     of  /P /?  ^  S/c/e  ef  ^no// 

406 

52616 

Qo/f  'n  forAe-cJ  Oo/r^  ffoac/  fT.  of  f^'one/  fFoae/  oV" 

ffonMonfCo  mo. 

401 

40611 

7hp  of  Cap,    1^^//  I/O 

406 

46507 

fio//  /r?  roo/  of  OoA  frw.   2oo' S.e  of/ff  AT  S'We  ^ec/er  /Pc/ 

409 

53.506 

&o/f  in  roo/-  of  /oj-^e  OclA  .  4<j'S  of  /f./f  75       oF  t^fier^/^r  f?oot/ 

Loc/ii/rr 

D^3CfF/f=r/or^  @ 

Cen.  /s//p 

410 

62.426 

Top  of  Cop,  tVe/f  /OJ5 

411 

66.  /49 

Top  of  nuf  -5 IVCor  Semo/o/jon:  'fiS.  iOo  ' £■  of  H^e//  /C72 

412 

379/9 

Top  of  Cap  /^e//  /o7 

4/5 

59.432 

iSa/f  if^  OoK  sf^j/np  of  in/^r.svc  f'on  of  fro//  Jf  f/ne  /y/rm 

G/.  /P/Ve/' 

414 

26  944 

/V.jr.  Cor-  /V  £■  founc^o/-'On ,  Cu^f'n^'s  f^/neJ           fr/onc4ry  ^ 

4/5 

36  751 

&o/f  in  rrio/^  of  OaATrvc  .Soa  ' /V.^  oA>^//  //O    ii7  mi  c/o//e  of 
/■ra//,  •S.Sic/c  Prirc  fence 

4/6 

40652 

Top  o/'  Ccxp,   i^e//  /09 

^on/ian/iom  q 

4/1 

46.469 

Top  ofCcxf,.   tVc'//  /// 

4/6 

64  /S4 

Tip  of  Ga/>,     JVe//  /-^S 

4/9 

64  15b 

Tip  of  Cap,    yVe//  /007 

B.w.a.  11.. 
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TABLE  63  (Continued 


iOc/PL/rr 

B)A7. 

Z7^v5  €/?//=•  r/OA/  @ 

B/uef^aJnf- 

3Q3b2. 

^o//  in  foa/'  o  F  OaA  Tree,  /So  f/  v5"  of.  />7/e^3ecA/ of  /fcaa^s 

4Z/ 

56.965 

Top  of  C<3p.  yi^e//  J 47 

42-2 

3555/ 

7hp  of  Cc^/o,  l/Te//  /^<S 

423 

433/6 

//?  OoA  TT-ee  'Zaoa  '><  <7/^  &.Af  2'/3  Si  <5o  '  S  of  'r7/-erse<ihon 
»^/'/^  /~/-e7//  /^u/7n '  rr^  Soiy/'A'. 

4Z4- 

7~ap  af  Cop,    J^e //    /  66 

425 

29.605 

To/o  of  Coyo,  t^e//  /3a 

42:6 

29  J '9 

^St?// //7  A-oo/  oF  Oo/cT>ee    ^ao  S  oF  AT^//  /■3G,  ^.S/c/e  of  /-roy/ 

4Z-7 

5387/ 

iSo//         /-<7o/  of  sma//  OaA,  o/  A^'  orvg/'e  Tor^rrcJ  by  Arey/Vs 

426 

43  642 

Bo/f  '/T  roof-  oFs/77e3//  Ooh ,  Se^'^^'ee^  /t^o  h/oz-ec/  ''/-e<?J,  o/~ 

429 

43  627 

Tap  oF  <^p.  /^<?//  /a© 

B.W.S.  414 


LOC/?L/TY 

24700 

C  oF  S^O/yf  boc/nofary  rnorr.          /^•r7C^e  ^osA  btiZ-rfC^n  />*v  ^mo// 
/iOUSes  £.  af  rec/  rr?'//.       m  l^.  of  e>roa  o/ryx^Y  ^''e   °"     or/A  /9ooo/ 

25  47^ 

432 

57926 

Tbp  of  <=^p. 

453 

57655 

Top  of  Cap.    I^e//  /56 

434 

4/393 

Top  of  Cop,  AVe//  /73 

435 

4Z'^0 

Tap  of  Cap,  /^e//  /35 

456 

69  0I7 

JSta//-       /"oof  of  Oo/r  j/iee  ..So  /v:  of  roa,c/  /eoc^/r^^  ^o  f^ocy^se 
on  £.Syc/c  of  frcr// 

437 

67  720 

Thp    of  Cafo^  /re// 

458 

32232 

Top  of  <=<=.p.  ^<?^/  f^ 

459 

6^977 

Top  of  Cc^p.  /^e-//  /33 

BW.S.  41j 
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TABLE  03  {Continued) 


lOC/FL/TY 

v5oy  w///e 

&5.29e 

441 

63.767 

44Z 

SS.S79 

Tap  o/^CcL/a  /^c// 

4-4^> 

36.65/ 

444 

s/eji 

yt^e//  /2.9 

446 

35.924 

Ta/Q  of  Co/},  fVe// 

446 

47.'^7i 

Top  of  Cc3/>,  /^e//  /// 

A'.0'2,7/3                 2^3  /3^ 

4-47 

35.135 

7b/a  of  Cop,   f^e//  /'ZS 

4-4e 

4-6.0S5 

of  Co/..  MTe//  /26 

443 

36ZI2 

J3o/f  "7  Kool'  of  /or^e  f'^e  -5..S/c/e                -SA    /oo  '>«  of 
/Ve//  /2  7 

o 


2 


U.W.S.  410 


56.621 

Top  of  Cap,   AV<r//  /Z7 

45/ 

49.^3/3 

Top  of  Ccyj.    /*^e//  /2<9 

<> 

432 

64.I4S 

T^p  afCcx-p.  /70 

455 

4di056 

Top  of  Cap.  /-^S 

/v.-3/.oa7  ^2»5e<S2a 

464 

^6.916 

Top  oFCcxp,  M^e//  /«S7 

455 

45^73 

/So//  ///  rooZ  af/ory*.-  OaA    0/ />?y^^ecAo/7  afr-ocLc/j, 

466 

e/9/7 

JBo//^  /yy  f^ooZ  ofi    farye-  A*r->n  OaA  .Sao'S   0  f  ^e// 

457 

4S£>I0 

Aa/Z  //7  /-oo^  of  Sma /J    OoA   .So  /^-^  of/rj/^r^e^A/oft  of 

466 

76.0-^1 

7h/o  of  Cop  /Tv-//  'SS 

469 

G2eZ6 

Top  of  CTcyo,  /*^e//  /S-2 

z 

y 
a: 
< 


B.W.8.  417 
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TABLE  63  {Continued) 


/.OC/fL/TY 

I?^3C^//='T/0/V  @ 

Jl 

&'2  930 

5.  Hc/bmoA 

Th/o  of /oj^c,    J^tr//  //~96 

72.76/ 

SO.IJ2. 

Jh^   of  Ccy3,     /^e//  /v3/ 

vSoy  V//  //c 

39.3 6 / 

j&a//^  ^r?  Kao/-  a/^  OoA  Tlree    of  /^A  of.rooc^.s,  ^K^/c/e  off. 

466 

39-J96 

//y^  Car  bocync/ory  monuru^n/^  A'.y>^  Con            of  frc3//.s 

46b 

36.465 

r^P  of  Cop,  rye//  /72. 

//o/Asv^/Z/e 

467 

99623 

£)o//'       roo/-  ofOaA  TT-ee,       ^/c/^  fra//  "Zoo  'vS.  cf  /F?/? 

468 

>5<5  036 

>^A'  S/o/Vf-e  '/7  /^/he  7?Tee  0/          0^  frv//s 

469 

yap  ofCct^,  /Ve//  /~S/ 

iocf?i/Ty 

fUl^ffT/O// 

D£5Cf?/f^T/0/V  @ 

¥.B/ue  /=o//7/ 

470 

v5/.  o9e 

Top  of  Cap.  yre//  /^/ 

6J.  139 

47'2- 

'44. 700 

/Va^V  //7  /='/'nc    a/3ou/^  £0  PA  ^Y  of  /3ac^r/7e  -^2.  SfoAe 
(from  B.M.  /Ya.  365) 

V.  J3/u^  Fh/M 

473 

4G968 

fr^/F.  S/o/Ac  y'r?  f/ne  Tfc^ ,  /V  vS/  c/e  /Vo//,  3oo  '  >*r  af  /oA  0f  fra//j 

474 

/05A7a 

x5  f  Cor  i3ou/7c/o/y  a^onurne^j/-  v5oo  '/T.  af.  fffp  oro'SJ/^^  fo 
f/o/tyf/c/t^       fip  of  ban  A,  /V  •S/c/^  /F^/f> 

476 

64.  /30 

7^p  of  Cap,  iTe-//  //<S9 

476 

eo.4/z 

fr'/f'.J/OyAe  /n  fc/  p^/^  //o/^3,  3o'A^.of  ^^cA-^-^o' ■^■<^f 

477 

A/o,/  ''n  root  oF  Smo//  fin^  //o  VK^   ®   /S'^^  of  b/<f^cc/ f'^^ 

47G 

^■4.  oSc 

4  79 

/7..670 

M  W.S.  41.'K 
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TABLE  ()3  {Condudcd) 


B.M 

/P^SC/?/^T/0/v  (29) 

46o 

/o  eoc 

Coctri /"ry  ^OOro/ 

4QI 

J  6. 500 

o/"\5>rezey  ^ t^c 

462 

14  270 

/Z/^fA>SJV  7e-/po/c  235/  on  ^S.Coi^n/ry  /^ooc/ 

485 

/  3.090 

/t" /r  sp'Ae  ' n  Tc/ /^o/e  23GO  ryear  Ounf'on  z?*^*.  or?  ^ 

C-oi^n /"ry  /^ocrc/ 

484- 

4  J. 8  6^ 

Top  o/^  Cop.  ^e//  /ei 

486 

470^1 

Top  of  Cop,  >Ve//  /Q6 

466 

4/220 

Thp        Cop,    >Vc//  /es 

/V.  3^ />5^3. -H      ^  '2.-7 3.3 A£>.^ 

467 

6/.  655 

Top  of  Cop.  yiTe//  /33 

488 

52.492 

Tbp  of  Ccp   /Ve //  3-^3 

463 

64625 

Tojo  of  Cop,  rV^//  /e9 

lOC/fl/TY 

B.M 

EL£V/1T/0ft 

D£SCR/f=T-/OA/  @ 

J3r-ooM  //a»^en 

430 

52  269 

Top  o  f  Coyo  yy^//  /9o 

49/ 

J 3  541 

j3a/f  'n  foa/  of>5"Oo/c  30  f/  ^  of  7?a //  ory  c/  ^  s 'c/e  oA 
Ty^a^'/  running  ff^f.s/ 

492 

2O.04I 

Top  of  Cop  >Ye//  /9/ 

495 

55  755 

Tbp  of  Cop.         //   24b            Y^p^onA^  ^oQof 

494 

56  025 

Tap  of  Cop    f^c//    34-4-              Yaphanh  fPooc/ 

495 

57597 

/9o//  'n  ^/ne  Tr-ev  of  a  3/^2// 

496 

3554 

^o//  ^n  rio/ch  ,  /to/o         f'/c^.  /Y?u/forcJ  Sf  ^oc/t 

497 

5  776 

/Y /r  Cor-  /V  tVo //  hrich  &f,o/^v 

496 

85405 

ff  R                in  7e/  po/r  s5.  of  ^fooA  of  //?/.  Conaon  ff^aa/ 

499 

n  W  H  4:!o 
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TABLE  64 


SA7. 

/"/y  <rTO/to  y 

crfo  /  yC/^/ 

•^f^f  Ke  fne  'ptne     rrrleJS  W.  a(A/orth  Co  VA  try  ^oa  ef  Crcss/^ 

CB.403 

r  o  a^lA 

4€.B60 

SpiK^  'n  /o'  oaA  tre^e.  On     Ccuntru  read  ySoo  ' E.  off^R 
C  rc  ss//7c^  v3  0  '      V^.  of' C-huf^h       of  ^orichG^s 

S0.36r 

mrpopT 

m/0 

76.372 

■J/D/A-e-  />7/^//7£=  7?-tre,  e9f  j^e9.rr?£'  /F/^  c/-ojs/r?9  ei^s  £^M^09 

u  w.s.  r.oo 


mil 

Za.289 

/'/?  P//7&7?<s'e',  7S'JV.o/'jO'nc7for7  ofSCoo'/^/yr^/rhsf^ 
£  y<f>yo/?^/7/<r  /rhtf<y.  ^3  '^S^.o/'/Fo<s>c/.  /Af//e'/^  0/^^/7.  j 

C34I2 

35B/7 

m/3 

a^/mcm 

CM/4 

66.883 

-~r/>yA's  y'y?^rcyAop  c^P-S/T^e^//  C^Jof^  77T£=*e'_  Y'A*^.  c?y^ 'r£'/'?re/" 

fM/6 

Sp>/Ae  y>?-S7^i>yy7/o  ar^/^y/?£'  TAe  e-^  /^S'^-  G/^/yy^^  Ah/^?^ 

73.267 

^/o/A'e-  /A  ^/7?a//  C?cPyr           ^  AZO  .^.  A'o/  'ypA^ 
cf  f'S.  oAas'/yA^  <pA/7po>//7  yaes>cy/h  £:^y7A^<^-  A/o/^/c/pc^^  . 

cmm//f5 

FB4I8' 

Sp/Ae/AAi'Aejycyy7?r^             OA Aix/^e ,  tpyPAvf^SAejie 

fM/9 

30S00 

spy/re  yy?  /d"  O'!'^  ^ree  ^S'  soc/A/y  cA  ^  Soi///^  {cu//A7-i/ 

SpvA&  y^  <:>S'A  7>^.  /26  '^'.A'.  0/  Aac^^  c*/^  ^/.  ^v^e  op 

JJ.WS,  4'JC 
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TABLE  64  (Continued) 


/?^JC/?/PT/^A/  (g) 

46.  778 

37.d6S 

of  /TJiy/nrocsc/  of  Center  AJor/ches^c'OSof^/.  ofrc>c9e/ 

61.3^3 

^a42^.^5'S.  of  ee/pter  of  rocs^cf. 

Naj//n  Oa/<  7ree  -^/V/i^ /V cf  'l.  /Z^^O.  I^JTc^f 
<rey7yeA- c?f  r-c>t^</  yb  ^K^/cT/f/// 

J>/Ae  /o^yy  0<^A:  Tree  trr^J.^/e/e  of^  /st/^/7ty.M<cf 
^^em^rAfor/cfies,      '//  or  cre'/?fe'rof  /'<i?<9o' 

30./Z7 

37^,Sf 

B  W.S,  4r,:; 


t 


J2^)/^e7/?F//^  7?e-c/J^/7/A'7/ofMCocyni^r  \/ f?o^ o/?&9A/ff//7 
17p7Ae  //?  P//?t'7?ei^^yf/fe'Ayof//(rody/?frz/fFocs^cy?/&yb^/ 

/ib<^/  -    ' 


S/^jr/Wf         7?.  9/7 


£/f<^Ar^^/s  f:3^ 


^P/'(7m^^Jf  32 d^"^ 


  z?^scA'//^r/oA/      _  ® 

^2.4  {'f    Coc^/?frY/FodK/cijff<9/<yA7y//Ahc5K/^2E'  c?/?S.r/oi£'  £>fA^£:aiyr?f/y^ 


y/y^.  /c7'/Vo/^c-<S'/?/cr'  of  ^oc/d. 


:j^A-^7r?P//?e7?ii^fy^^/Vof'^.£SFc9f/:^7vc7^^J^ 
Z^'A<czree'^V7ier'of/^o&</  7o>  7^(9rFor- 


^4^4  \^ff/7^f/.of'^!^/?7^r/ir/^e^/Ff^S/^,^o:h<cf£^y?7^^ 


yfo/)^^/<3i:<pf^^r/c/<Ar<f//c:>f<J/7c/7?cyr?  So<::>'  A7<3f" 

\Jp/A'r  /r?  /^r:/e d?<9A:  Trtx'  ^ocys'oTjo'/Tcy/cxr?  oySp<^<3/i^~ 
^M^^^^/^/P/f^^fS^eO  'Sof^r?/tirof/r^<^/jfc^  jH<i/. 

77g77Nor?  fsf  /  c^^^  7/a  fS.  ^Sc7f?fr^7Fcf  d/?7-^^ 
fo  )^/>/}<9/?K  •  ^/>/fCe  J/?  /='//?€. 


B  W  8.  404 
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TABLE  64  {Continued 


LOCALITY 

BM. 

DESCRIPTION  © 

fJ.^ 

^.7/8 

£^STP0/(7 

e.8.44? 

S3  306> 

7V<77'/P^^^  'J^^c/'>V<^77^7^ 

/1/fsr/c 

1 

60.4-24- 

Sp/A'tS'  //P^/^/7?pc?/' 6''7^/^7r<iV-a/77s/^A<^>>k/o/?^C£?c/j^/"^ 

y>f/9sr/c 

28.  72/ 

WC^LITY 

B.n 

CLEYflTIOK 

DESCRIPTION  ® 

T^psr/c 

3S632 

S/:f/A'^//?^/<:/yy?/>ar^y^y7?i£'7>i£'e'  ^7V//<£-  /VA^£p7 

/>f/9ST/C 

 1 

Sp//<:^y/?^7iy/7?/>^^  '/^2>^7^^  <p^/-cx^/7^/7e' M^c^/p 

Tmsryc 

a/7S<:bc//?^Ac7/7^77e  JV.oP^S.Ciycyn^y/rh^c/ 

/-^^^ 

S/^/A^e//y77//}/e/'7^/r?e7r<re<^/?7i:^>/c///y//7Yo^</^2. . 

S/.4-/6 

/Va/^  /^/^/7^^r:,^^S'So/^^cA'7<^r•  c^r n:>c5G7 

/^/7sm 

Sm!f//?/^7^/y^7/g^(:v?/c^ot/^ 7^p/?c9/?A'7y^7/7€'7yo/yS'6acvjf^ 

/fh'^7/Sc7PJf&/7^jP^^7^'Mc^/'cC'y^^/&A  c^^<^c5>c/. 

30013 

ieoz6 

<:37^/^AZ^A  '776>/''^/?/P7f'^/c^.^O'^.c77^<r<^/?7^'^'^<y 

li  \v  s  n;« 
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TABLE  Gi  {Continued) 


iocAi/rr 

^m/ 

6S84^ 

60. 035 

^pz/Ce  //7  /^/oe^rcy/TJp  0/7  £f^c/^/?^  A/GCy*r  /r'O&C/ 

fT^  /TO 

7^.830 

MOR/Cm 

£.3^6 

60.  /OS- 

^pikeinoaH^tump  at  Jc.  ofMa//7rtf.  ru nn ir?^ U  fro/?77iy/n 
Lakes  a.  nc/ road  to  y^iphank 

6m? 

Sptf(e/n/6"oaJ^6o'W.ofwe//^4-os  /c A/.of    of  ra^  on 
roQ(/run/7^ir^MW^ro/7!Speo/7Jfffiver;/?a//i/vaj/  det^ee/7  A/C. 

fA5TpoRT 

Spihe  in  G  'p/r?e  /o  'A/  of  we//^'^2  /i/^/y.  ofdc.  of  A/.  Ce  u/jtry 
rd  an(fSa/(/f////rcf  Jc  6e/n^i-W.  of  W/>ea  t//7g . 

PAYN£y/LL£ 

46.8C5- 

^p//fe in /"oaH  iO'W of  t  Of  n^.  2Z- W.  of  we// "24-8  f/if. /v 
of s5. Count rc^rd.  orrZec/ re/  £.  of  Carman^  /fiv^K 

£8470 

2^.  97J 

Spiffeia/base  of  3  "oah  /^  5  Wofl/^Z/T^p'f-  /T  Of  ^u/A 
Counfrgrd.  a/7<f/Af.  W.  of  Carman'-^  /^/i/er 

z 


B.W.S.  420 


BELLPORT 


d£UPOPT 


ea^7^ 


£m73C>5r/ei> 


£B47^ 


f:.3'^tf^or  terns 


3n 


£3476 


3p/Ae  ir?pine  Tf^ee  cui 2"ado ve //jc ^ro (/nd  €oo' A/,  af/fff. 
tri  07<:\if^ac/(.  iMEofPP  sfa  at  Be //pert  at  Jc.  of  road.       ^  y. 


£m76dl9S7 


76  249 


S7S88 


34.eos 


fp^^c/r/p^r/t?/^ 


5p/ke/n/2'oaff  /^M.A/.of^.Crd.  on/x/.i/^  E.  ofP/f.Ave.  O 


Spiiie  1/7 pine  tree  6  'at>ovc  (/rou/7d  J.  A/  A<  of  £.B  4-72 
/sW.Wofawe//  /S'fr  0^,7^  of  road 


Spike  in  3  'a  pple  tree  at  S.W.corr?e.r  Jc.  of  S.  Cou/?trj/ 
pj  and  3r/7C  (hs  Po/ot  rd 


Spi/fc  inoak  ^t ump  2'APtr'of^c.  A  sta  W  Ha  ven. 

'   ■  ' U S.  Country  rd-y/v/tK-ti  tM^W 


SDl .  .   .         .  . 


5Di^e  in  Pint:  tree  Pomt  /te/c/ /rr  root  /V  £.  sicfe  of  tree  T 
wic/r  IS  SccZi  sta  £  Hav^/T  -^-'^  ^^^^^"^ 

Spike  in  pine  tree.  Point  he /d  iW  .sec  A  sta  Payne  .Qo 
/M  e^frcmMasr/c  Sfa.on.  5.C  r.  /  o.nd  t  /v;./v.  on      .  Icad,^<f 


...   O'o'/^  0/  rd.   

Ofan^-  ^/ /Yt: cor' ^t\c>r//  cr/6  <:>n ^noptir/^j 
c^rc'//d/r/i:^  :f>/cyr7A^r 


Vc^tc/ 


'^pFfe  in  bait  oflwin  oaT  21^^  of  we//  if  2  SS-  J-^.  O 


^  o/rd  /i  M  A/-ofS.Coont/y./no/  or  /M  rJ.S.cfCurrr/QPiffn.^ 


li  w.s.  \i\ 
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TABLE   (34  (Continued) 


fim77M 

I?f5C/^/fT/^A/  (D 

Ma5/-/c 

34.473 

^pike  inpinc  tt^ecjM  -5  o/Jc  of  Yap/iaM  rd.  andrcf  ru/in/nq 
N-fromTwinLa/fe^  /8'A/Eo/<i  ofrd  and ^6 ' A/ o/ we  f ( 27S. 

6/6  Z  3 

5p/J(e /nda^e  of4-"oafi  fA/f  W.  ofjc.  of  )rh phanH  rd  and 
roadrorw/h^  A/.  Wfrom  Iwirr Lak^s, 

73.  /03 

v5^//f  e  in  8 p//7€  tree        lA/  of      // 2  7€ .  -^M  WofEB  4^2 
8  'South  of  t  of  ykphan/rroa  d 

E.Bm 

37038 

Spike  'iniw//7  oak  tree  at  dc  of  Yaptiank  rd.  and  second 
rd.ran/7/ngA/fromCar/77e/7'5A'/yerf.  from  «5  Country  rd. 

CMork/jes 

£846^48970 

^pike  in  oak^tump  ^M.  W  of  dc.  of  Manor  rd.  anc/Qh/cffcs 
ter/^ve  7' f.  of  we /J  28  A- .  /s' 5  of of  road. 

C.Morkhts 

^pttfe  insmal/oaJf  iM A/  of  we// 282  /^M  A/ofSCowtn, 
rd.  onrd /fod/pg  fromC Morfc/jcs  3c/?cc/ /?cuje. 

Ce/r  /Vor/c/iez 

1 

Sptk€/n6"p/n€  on P R.Ave  ±M /V  of/f  /f  and       £.  of 
of  road 

Mar/ches 

3I.8PS 

5p//fe  /noa  A  tre  e  atsoA  s^a  W.  Whea  t/ny  300  '3  of  Baxter's 
ho  ose  and  SO  Wof^f.  ofrd  onrd.  /ea  d/nafroo?  Tvv/n  Lakes 

of  3.Couf,trq  rcf 

Afor/ches 

38.Z8¥- 

^pi/f€  inpine  free  ca  rrj^in^  s/gna  /£  Whea  i  ih<f  7oo  W.  ^. 
from  t  d  ^86 

CMor/ches 

m9o 

iSd39 

5p/ke/n  /2  -oak  /o  M  of  we//  27  S   ?■  £  of  rd.  A. /Uf. /V.  of  Jc . 
OfYap/^an/frd.  andrd runn/n^ME.from  Ator/che^s  C^urcA. 

B.W.S.  475 


LOCATION 

B.M. 

ELEV. 

DE5CH/Pr/OA/  (10) 

y^STHAMPTON 

SOX 

-11.648 

/^ai/inroofApfne  /O  yy.of  tyood road  ^  aix?of /.5/??r/e  A:oE 
n3i/ro<7^.  ljxaf/d/7  o/?  /77<^.'  r<7a^ ri/^/7/r7^  fro/?;'  /7/yer~ 
/7eac/ ^  ^cay^r-f^Ae. 

50Z 

69.516 

fl/d//  in  mot  4-  "f/ne^  S.  E.  an^/s,  oE  crziss  /zad,  //./2>  /^/jj^/ast/ 
E.  to  ^e^}//?(7//:p/z>^  /7<xkj/ .  ^.  Af.  is  5'/?o//7  /rT/ers/scfy  'orr . 

m>'\m?m 

503 

44.398 

ff:?//7nrot^0''pf'nec)fS.E.a/i^/e.o///^sr5<a:d^(»7  of^./f.or^a^  sec- 
o/7^arz/ roa/f  o^o^/E r7?//e£.of  H^£5//7mf^/an  5fd/rb/p 

3ecooJory  mod  />  ffyz/t/  cros:>/r7^  E.  oE  if^s//7a/Vf/o/7  J/^<:ir7. 

Wr5T  HAMPTON 

50  A 

43.515 

Bo///op  s/m/J  2"E/r7e,  /7'E.  oE(^.  /W     7/  V/.of  Mra// oE 
ff./f.  S/u/t;/?  a5  /  'a/vye  groi//7c/.  ^a<7(/  /sEi  E/f?  crvss/h^ 
E.  of  y/f;.3//7a/7?/?/i?/7. 

WE5THAMPT0N 

505 

4-7.586 

/^// W  J  "/y/ne,     ^^/^  ofroa^  ^  A/af/r27c/^. 
Tree  /a  stripped  of  hrvnc/tes  a/xd  6.5  '/ri^h.  /jba</ fs  EM  E. 
of  yVes/fya/r/fj/on. 

yVESTHAMPTON 

506 

39.655 

8o/t/nro<7t  3  "cf^rarf  p/he  ZS'yy.  ^  roa^f  9^  ZS^A/oE  infer- 
sect/on  of  roaefs^  ne^r  fe/  p>a/a  ^69  a/ba^/E  f^  m//es 
A/ofEf/^, 

n.w  s.  57 ^ 
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TABLE  64  {Continued) 


LOCATION 

ELEV. 

PE:5Cff/Fr/o/v  (ii; 

IVfSTHAMPTON 

507 

and  /S'l/V.  of  <L  ofroa^J  io  Qao^c/e. 

QUOGUE 

508 

43.837 

BoJtroof  3'p//7e  s-fu/np  of //7fer3ec/^/e>/; of  /zkj^^^.J^C^C^  'MffJi. 
road  3^6'  yy.ofE.Scyi^.  road  and  4^  fwm  fre^  nxjrked  B.MSC^ 

1 

WfSUMMPf^JN^  509 

51.735 

Po/tir?roo/6"p/h€.  J2'£.of^  of  fi/7jn//za^^ E.of  l/Vgs^ha/pp/an 
5f at/on  and  2/60  'M  offf.ff. 

WE5THAMPT0N 

510 

6I.3^6 

Bo/t  in  root /one  6  p//?£jJS'^.4Lnoad,alkx/f'  /OOOAiof  /nfp/'- 
secf/orj  ofroa^fs  foMS-  3.Af./s  an  3e^o/;^f  raad  F.afl/fi^sf- 
/7an;pfon  3/a//o/7,  ^na  ^  m//^  y^.afff./^. 

511 

21.333 

Na/7raof3  'oak  onS.  sj^^e  fracA  ^  o/jo/f  ZS'iVrtiac/  at 
cro&s//7^  py.  of  i^^/£^i/e  •^faf^i^/?. 

WESTHAMPrON 

5.a 

Z5.378 

Bo//-  roof  /Z  "p/ne  s/on^/h^  afonff,  //7 ^o/fy  0/7  ff;//tfn>ad  £. 
of  I4^es//7an;pfan  Sfa.  S.  fif.     af>aa/  5'^^  'f/.of  frxA  ^  f<P ' 
W.  of  H-oodroad,  and/f^W.af  T^s/ ^^//"^^^f. 

WESTHAWTON 

513 

51.179 

do//-/nrz»f4''p}/7e,  23')/\(of'^  ofroad,  of^aa^  fmfcMof  fracA 
atoi//-3000  /i/.  /nfer.5e^/on  of  roads.  3M /s  0/7 /A/nd  rua/d 
£.  of-  pyej//7a/77/?/a/7. 

B.W  S.  57J 

LOCA  T/ON 

B.M. 

ELEV. 

PE3CB/FT/0/V 

mSTHAMPrnN 

51A 

Bo/f/nraof3'p/neinME.an^/eofroads  35'£.afAf8^<3.  roads 
^  ZO'M of £.and l/y roads^  andat^o^d-  /^n7dfis  /iCaf  ff./f. 

WrSTHAMPTON 

515 

11.5^5 

d^ft/f?  o/dj/unjp  0/  Ja/erseci/ar?  o/" p/pe  //'ne  and a/d rvO£/ 
njnn/n^^.j  ai^aa/  //nde  fronj  /7/d  ^^o^i/^  /food.  3d^J-y  /a^a/ed 
on^p  of  d//f,  k  /n3.)yank^/e  of  ^ads.  //as  na  ///cy//9<s/ 
a//^f  /5  Z/7?//a^  /^.  of  /ra^:/r& 

QU06UE 

516 

63.017 

Bo/r/nn)a/3  'oa/(  a/  /n/ersec//anafroadJ  -3.£.a/7^/e-  P^ar 
/e/  pa/e  ^  //Son  f^/d  /Paa^ae  ffoa^f  ojkx//  :^/77//e  3.  0/ 
A/ety  C^i/a^ar  ffoad 

WTSTHAMPTON 

517 

31.590 

0o///n/ix?/  /2  *p/n<?/nMI1^a/^^/e  of^'rz?^  roods,  :^/n//<r  .5  P  ff. 
//ds  rvn  F.S-^     /o  C^oa^j/M'  a/Ad  A/  ^  ^.  ^A/^d  /o  /j^/fyamp/ 00-^^0. 

RIVERHEAD 

518 

15.364 

0o///nrDo/  24  "/mnckpA,  39'tr<A.  of  road  9^  /3%'.S>rffzy  Fana^ 
«ft  aAoa/  -5  <5  of  /n//p/s^r//o//  of ^^condary  roa^/  /o  /^j/. 

RIVERHEAD 

519 

19.159 

BbJtin roof  B' f)^'/; aj/( 45 'Afd^rea/  Abna/,af  /brAofroo^f  ffood 
rzjns  5.  fwm  ff/re/Arvjd  fa//(/npo/  ///'/j'  '  Fo//^f 

RIVERHEAD 

5Z0 

17.706 

/fadjn3/dc5  'p//;<:, SWron/^rSfre/y  fimd a/>a(//4d'^  of /^J/^A 
wAert?  f///  road  i^^rp/ns  Fond/s  d/r/d^d  ^^/a  f/ff /oadror/n/np 
/fr*.«5.  On  l/y  .-^Jdc /' al»orc^/jyor///. 

B.W.S.  493 
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TABLE  64  (Continued) 


LOCATiO/i 

B.M. 

EL£V. 

P£:5c/r/pr/o/v 

RIVERHEAD 

17.188 

IVO/I  Iff  Sfucr  ^  t/ffff             Z. .  ff/fcf.  fOCfAS  ^  al^C/(/f           fV.  Of  fVaa^ 

&  45  'c?  ed^e  po/?<^  j/7^er.  3eca/7afcrj/  roacfs  r^y/^/7//7^  M  £,lc. 

RIVERHEAD 

22157 

RIVERHEAD 

5a3 

21.385 

t  /77/t^  J.  af  /i>}i^r  //oi/se  o/;  /vo^  >t,,'//  cj^e  pa/t7. 

RIVERHEAD 

19.359 

lujf^e  ^^/t  l>ff/7t  //^^  ^/<?p/^  j/^'S/i^^J       iTt       /tz^^/'^  >S 
5.4l  /af//  ^ aPo^^tS^ 'W.  aFpQf/7t  y^/^^re  sa/;^  8c.3y*^a//jp mjds 
meet,  /tdoot  Z^^/v/Je^  f/t?m  /^Jy^r/^^a//. 

RIVERHEAD 

525 

23.609 

3ott//;nx>t  6  ''oaJ(  /^.side  ma/^  rtxk/  8^F.5/i^e  paTt/a/fa^/  Zmiks 
tV.i^.F'/jl:^.  /ft pp/ht  yvMnr  3fXO/7<:/o/'/ y,i7/^-5  /na//7  rtaa'  of  /^wrat. 

RIVERHEAD 

526 

19.009 

tta/I jh  ra<7f  tar^  ctusteroaA  at  /oat'^ope        ra^d to /'o/aV. 
/^/kx/t  .^0  'fro/p  r^3a^t    ot  3.  B/jdof/yo/xt,  o^a^ /^/77/te  /Kof/^. 
O/j  f/hft  roact  iY.  of  /^ay/7or-  /ty^. 

RIVERHEAD 

527 

17.635 

tiea/t  of t3ott//p  8Xtt?  "t;ea/TJ  fx>t  r^/pyya/  Mjtjt.  a>rner  /ce/?oi/^a 
aboot/^rn/ta  /Yof^S  ^  .^OO'S.  of  /^aa/7oatt&  /^/e. 

B.W.S.  494 

LOCAJlO/i 

B.M. 

£LE\/.  1                       D£5Cff/FT/0/^  (I4) 

RIVERHEAD 

528 

28.987 

Nail  if}  rvot  ^'in'/zjOf^k  fbof^hpe,  alwof     'fra/v    edge  af 
po/j<^  at  poJ/jt  oppoJ/te  s/te  J/^at/ po/Jt/  o/p-J.  o/eteraaet  af 
t^OO'frvm  //ytsrxd/o/r  of  r-oact  t/p/te  /f^af  FF. 

RIVERHEAD 

529 

59.419 

Bott//7raot/4-  ''oa/<  o/r  tV.  sj^te  Af/ddte  Co(//?try  /^oa^^  af  //7f<^/r 
of^a?r?i^a^y  rvad'^.tK  to  l^a^i/j^  t^/yer  ffco^f  4-t77//e3  ff.af 
FiyertJeoit. 

RIVERHEAD 

530 

30.536 

0oJt/a  root  3  "aatK^  ce/;ter  0/7 e  of  ttp/^ee  //t3,  £.  a/T^te  ttf.C.  Faaf 
S(  rt>3^t  rvnr;ta^         f/v/P7  Fiver  tread  tofisr?terr/t/0j  JS'fra/r? 
tffyertjead  n>ad  <k  ZO'fro/r}  tif/ddte  Couat/y  f^oa^. 

RIVERHEAD 

531 

29.741 

Bottjr7n)ct  ttr/rr  oat<at^ate  of prop^e/fy  atcarrreraf/^rxkuh 
/Ike.  ^  t^C.  Food.  BMis  3S^.4.  mod K  otw/f60t?''5.  flf.f:. 
flood  on^.s/de  of ^afe. 

RIVERHEAD 

532 

35.095 

Bott  //?  roott^  t/xuft  or?  s/te  o/otd  forrTrtKOiCirpo^ /^^rrja^f  </o>vr7. 
3M /J  o/?ptCFd.,  t^  rp.  F.  0/  t?oo/7oaM<T,  Ftr:.  9^  ^  '/r;s/d£^  oF 
otgatc^  ro  t?arr;. 

RIVERHEAD 

5J3 



20.151 

Bott /rrroot  8"aat<  /h  arr^te of/lf-CFd.  8^  F't?id.  rvad'i^rvaet 
kr;otr/j  as  Poctor^  faftj.  Zt^  rr;jte^  W.  of  /tiyoepogoe. 

CENTEf?VILLE 

534 

103.073 

Bott  0/7  tf/7ot>  of  of  24-"tiyt/jp  tree,  ot  //rtrr  of/tc^.  f^oorr/ry 
Food  X  Foa/?oat<€  Atr.  tPr?  F.s/c/e  Foarroajfc  Are.  tS'fror??  ^ 
of  rood  y-S^W.  of  ATprttt  <::<?r//7fry  /^ork/. 
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TABI.E  64  (Continued) 


LOCAT/ON 

0.M. 

EL£V.  1                        PESCWPT/OAf  Cl5) 

^mm\\L\. 

535 

RIVERHEAD 

536 

ai.35Z 

0c //?  £.  j/i/^  of  fa/,  po/e ,  2.  Ytv/v  ^ra^oc^  o/?  >S.  s/<Je  of" p^yx/a^tx/ 
IS  0/7  ^a^^^r  of  kfa/rr  /OO'iV.of^  of  ^/icoJ^e  ^t/a. 

537 

38.635 

H^ai^  of/M7//  i/7  /O  inS€  i/7  fro/^f  of  prvpsriy  of  fio//JeJ  o/^ 
M'C/dIC  Cour/fry  8ooc/-  fi^fi/ebogac. 

AQUEBOOUE 

538  34.630 

Bo/f  ir?  rvot  lA  fnsc-  of/XLy//g         c^orz/?  o/JifoIx)  l^JocAs/^/f/^'c'' 
^op .  O/p  foi/rf/?        frv/7/  cor/^er  of  ce/7/efery. 

 1  

539  31.653 

Bo/f //7 c/usfer of      of  //?fer5<rcf/  'on  ofroa^fs  /777//^  A/.of 
^^i/ei>ogue.  O/i-sex^od /zxx/  ro/?r?//7^  //.  fro/r?  M C.  /kk?^/  £,  ofcAo/z^ 
U  /n  o/7<}/e-  of  pr/ya^  tooc^  $i^/-/^<7//  iyf'7/Y&  hoi/je'. 

NORTHVILLE 

540  61.560 

Hnob  0/7  £.£.  i:or/?erof/;orsg-t>>i3tA  //?  fnoofofc/7i/rofr  o/7//.C.^0a^ 
oppo^/fS'  inter-.     of  rva^^  /Oi^oo/fr.  O/r  to/fo/n  of  IVotA. 

NORTHVILLE 

541 

59.921 

Bo/t  /n  rz^ofcf  /4  'o7a///e  o/;  MC.  /fJ.  7j'£.  ofao/ff  a/n^/aiyx^  of 
Hff.Luce,  adoi/t  /xj/f  >ray  t>ef>*^>!/'  nuii^i  <3oof/r- 

NORTHVILLE 

542 

62.036 

dc^r/h  /zkpfjh/y<s  oo/(  0/7  prc^porf^  ofcA>/7/P  ff^^Tis  of  /r/Aeraf/y: 
C.  ^oocf  ^  r7?ocf  fo  JO£//^/7.  0.Af./3  fS    of  //7/isr'S£o/7b/7. 

APUEBOOWE 

543 

ao.662 

6o/f/o/w//2''/7xp/e6.^A^£ of /y.C.fho^ 37^5'yy.o£nJaafi^^^  Tif  Af. 
Cf^aao/  //77.yKof^fi/^i?ojue,  o/?pirvjas^/  of^A.fa/r/?//?^. 

LOCATION 

BM 

£L£V. 

P£3Cf!/fr/OA/  (16) 

COJTER^ILLE 

544 

86.670 

Bo/rihroolof /ar^ecu/f  /h^.H/.  an^le  of/f.C.ffd.  A  road<^./o  ffn^rf/M/. 
//^  /77.  £.of  f/oanoakc  A*^  c^poj/f^  residence  of  lV./9/drid?. 

CENTERIILIE 

54-5 

103.548 

da  fin  roof  of  lar^r  oak  in  fJi/Van^/c  of  f^.O.  ffoad  ^  no<uf  f^.fofnafi 
i/eod.  AhcMjf  fmiie  id.  of  Soonooice  ^ye. 

BAITING  HOLLWV 

546 

_  J.  !  Bolt  III  roof  14  '  lone  oak  in  h /angle  fc^njei^  iiy  MC  /load  9^  rood  £. 
"  '•       ^to  ffiyerh('/3d .  BMn  /mile  £  of  Ba,ting  Ho//ow. 

BAITMG  HOLLOW 

547 

77.038 

Son  in  rw/  of  JZ  'focuof  free  on  fV.  s  'l^e  of  0o/f/hy  /fof/oir  Fomf 
aboo/  soft.  6.  of  f/orffi  Coo/;/ty  ffoa^J. 

mmmm 

548 

112.248 

/fnol^on/o/  o/'/7f/J!f3^//^af<2ytx/-of/f.C./fc/.  9^t2vdS£fo/9/y^r-- 
/?cod.  .5fona/^(^^/6  ff^.  Bi  anf.s^de-  ofj/c^     r  ^^0/1*  Z . 

BAITING  HOILOW 

549 

86.751 

£bd/n  /-oof  of  /{^  ^'/oio<r  okjA  ^/  ////enxal^  ofroatfs  f/T^jir  S  of 
3/7/f//-y  //o/fo**<  /n  ^3.iV.  c//-/^/e  rzx/i/^. 

RIV£«HFAD 

550 

62.284 

BoJt  in  roof  of  fi9  ''oo/<  /n  J5.  W.  anjp/o  of  oro^sj  naa^f^,  ff.  81^^.^0/77 
ff/^f/f^rn^  fo  ffo/f/n^  ffc/Zory^     »<.W  frz;/77  /fcvn^saiir  /fhe./^^^,  //. 
ffM^  /^n7/frj>  y3.  £  of  £f^7//d^  //o//oty. 

RIVERHEAD 
RIVERHEAD 

55\ 
552 

39.883 
61.502 

Bt;&innx!fofifat/a7A  a/7^.Jkf^  f*^j  J^»5.  of/oaf^of/y^on^s  X^/ttf/^/ 
/w/i^/       A/Oi^'i/p//'^  t  Sr^Kc^/y  /z«»/t-?^*W5^  y77  £  of    /^/yf/^  ■  /7af 
y-  /yf.C  ffd  fiy/ef  /i  4yf^/  SOO  'from  /7/(7/// 

flcj//rvo/jdl^f*'/nrriMo7?Af.ijae  Jtrco/iforyroatf^  from  ly. //.  fhafafo/ant 
^n;.  £  of/n/cr  of  h'.ffjfrv  A  Af  6  /^.s  3.f>f/:>f77t  6  of77?a/77  mod. 

D.W.8.  491 
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TABLE  64  {Continued) 


lOCAT/ON 

B.M. 

ELEV.  1                      PESC/f/PT/ON  Ot 

GALVERTON 

553 

CALVERTON 

554- 

CO  AlO  ^^^^  3.Mjl5          ipf//7/3?r,s£^c>/7  ^/'^£^aa(s. 

CALVERTON 

555 

35.496 

0o///r?  root  of  e^/?/e  /ree.  o/  a?r/7er  of^/pya//  ^o//^//^  a^yO/-<^4^er//  a/ 

CALVERTON 

556 

OU.ODD  1  ^^^^^                                     /^/^^ea' . 

CALVERTON 

556A 

30.335 

0a// /^^.Jyc:or/Ky^?f  /y-/1^0  ^/ /^/u/ ^/a^A.  ^/a^e  /s  ^  /t^. 
/^ofM^.kZ/77.  ^.af^^^//y^'v7'a/7. 

BAITING  HOLLOHf 

557 

II4-.455 

ffa/f//7  /z%?/  af/S  /?^;?<«>^<s^       //?/ria/T/  ^f  ri0^/a'e/7C^  cif£'.  /..  /?a 
f/yi;^/^  a/7 /^<s>ai/^2Asiy/>^/77.  £.  £>/  Ji^/////^  ^/Ki^r. 

558 

128.587 

jSh/f/'^  /25*5^  af  //y/ye.  a7/<  c/?  />/i,perfy/  ofU ^eyir/e/-  0/7  /V.C.  f/a', 
a^acff/^//7.  yy.  of  A;/'//'/p^  /ya//<?yy. 

mmmrn 

559 

114.377 

3a/f/nrzporof/a/^effTee  yha/y/e  of        for/77e^  ^  M^.  f^a^ 
"^/sa^^  /y.  yVoi//}?^ /?/y£r.  ^.A/a3  ^y^///  Eof  yUyi///7j/  ^///^r. 

mWo  RIVER 
IfVADING  RIVER 

560 
561 

101.014 
92.075 

Ba/Z/z/rtf^  of  3''ca/ca///7/Sr^a:f/c>/7  of/rkT^T's  a/>ac^/^/77.  f.  of 
)/^/^//7p  ^/y^r  /^ooa^s  r^y/7-5.£/hffjiy<:r/iiXtf-MyV/ol4^J//7^S/yer. 

Eb//'//7ri^/-of/argeix^i/^/  freC'  a///7/iy^5e£/jtv7  ofroa^s  0/ i^//7y  ^//er 
V///<:)£e.  B.Af.  /j    v5.  £.  a/7^/e  of/z>a^5. 

B.W.S.  492 


LOCA  T/ON  \ 

B.M. 

ELEY. 

PE5Cff/FT/0/V  0® 

WADING  KIVER 

562 

48.351 

of//7f£/:5ec/?  'a/7ofraaJ3  8>.35'£.  of/M. 

WADING  RIVER 

563 

42.716 

Ba/f//7/zx?/-i^f^a/(o/7  IK s/^e  of Dsep /i>/7^^  oA^^^  ZS'^zi^a^^ 
ofivaf^er  -/O  '6.afnk2/^9i  aA?6/f  ^S/P'Mof'S/TPa//  /vM/;^ 

CALVERTON 

564 

27511 

//77//eS. 

MANOR 

565 

39.534 

B^////?n?a^ofJh/^e  //^s  £7f //7/ef^ec//b/p  of/v^^^/?  yyaj  ^ 
f^a/7ar-3/?p//^s  }f.  Ca/yeffa/P. 

MANOR 

566 

71.290 

6^/f//7fZ>^/  a/'S  W  a/^  j//MA^//a/7  a/'^^^/z^ar/ /zkz^- 
4/P7.  hf/pf^t7/y^/i^/7Bi//7?.F  offo/?^/l^^eMaff}f^/70A^/7/Ay/7. 

MANOR 

567 

65.603 

Bo/f/zp/zfa/^f^'d^e/rv  //?  A(IVa/7^/g  ^/^/joss/t^  ///i^^^/S/v. 
W.ofCa/yifrfa/7,  ^/7/?/c/>ef/y />f c/.c/.  ^ar/Tpor/. 

MANOR 



568 

50.814 

Ss^f/zprao/afh/^e  /ir//7aa^a/?/m^^Afa/z^r^Aaa/a//z/f/:a/^r^^ 

MANOR 

569 

41.648 

R?/f /// /zk?f        "aaA  o/? .  5^ca/7<:/<7r^zaai/rz//?m^*5. 
Af/7/7or6Mb/7.  dAf/3j^/77.  S.  ^f/r^prAa/^//7aff/3a/a(tfiih? 

B.W.S.  503 
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LOCATION 

B./irf. 

ELEV. 

DE6Cff/FTJ0A/  a§) 

MANOR 

570 

46.094 

w/?/fe /70^.5e .  <50'J. af/zt^^k  J<5 '£.0/ rzk7^ /^a/zh^t/ra/^r. 

MANOR 

571 

44.285 

MANOR 

512 

38580 

MAN0R(50UTH) 

573 

49.198 

do/f/nrvof  of  /4-  "/ot^ut^taf  ^-  ^ (kP/T/erSoaf/;  Af^7/?or^At!//zA 

MANOR 

574 

46.053 

5/7)a///20i/se  a/7  /77a//?      /^j7?  ^Afa//^/:  aA^/if ^n?i//7// 

MANOR 

575 

42.845 

B£>/f//7  raa/ af /a/^e  m//£>w  £?/7  /T/m/z^yi/^MZ //?.  I^A/a/7ar.  B. 
Mj5  afi5/77/7//  /7Mse  dp/j.  pmi^^af-7/7Mr.  m/Arz^^S.  a/o/T^  /^//^ 

MANOR  (50UTH) 

576 

50.274 

Bo/tjh  roo/of^^  "£k7h7/7/h/7/of/707/je  c^f^eo,  £.  Ihy/s. 
is  /Ji/7?.  ^.ofcfyc/rc/?. 

MANOR  (50UTH) 

577 

38.396 

Bo/fn/wfo//^  "^e  (?/?£. s/We  ofp/7/7^a/M)K <7/7^/ez>f/9./^ 
^  6eco/7^a/]/  rz/aa^a^T//  /^7Z'.  S.  ofAfa/Tcr. 

MANOR 

576 

55935 

do/ tin  roofaf  /a/^e/r/f^  //7f/z?/7/^  Z7f^/77a///7z^^<s  26kP  't3.  of 
j/?tersec/7o/7af/zkx/^  &  ahoi// ^/ttv/ss  S.  £.  of  ^a/7Z?/'. 

B.W.S.  504 


LOCATION 

B.M. 

ELEV. 

DESCFf/PT/O/V  (S) 

MANOR 

5  79  40.283 

Bo/tip  root  of  fnse  a/?f.^/i/ga/<3na7/b/7^-2^/77.  M£.  ofM/Ti^r 
or?  M  si//e  o/roa^. 

MANOR 

580 

38.189 

Bo/f  /'/?  3.  fYcor/Tirrof/r/^f^  a/  //?/erj>e6/?o/7  ofseco/?^hr^/  /z^^ 
on/J  F^/??c  ff/yer^/??.  H^.of  Ma/ior&J^/??  /^££  o/iax//jkar/va/n. 

MANOR 

581 

39.836 

Boif*^.£.co//7erafI?r?d/^s  of^/^AS^//a/?of^3€/mii7///ax/k 
f^co/?/c/^?y^rr  Jj^/n.  iV.  Af/7/?ar      /??.A/.fff  iracM. 

MANOR 

582 

40.944 

Bent  mi  in  fiaor  nf  hr?J^e  oyer  ftgwn/c  £iy^r2^  m.yyo/Mi?^/ 
S^J^m  M  of  B.B.  onj5^6ond?r//zkx/alx?o'/  /OO  M.of/TTa//?  /ootf.  /n 
M  ^corner  of  ^nz^e. 

MANOR 

583 

43.274 

Min  si/ie  of  S  "fmn  oa^  o/zf-S/ife  ifrz^^A  Sc  6.  sjt/e  n?<?<^ata/^ 
in?.  M  of  /na/n/ar/  i     n?  AfyofAfa/zor  f^ff.3/o//ay 

YAPHAMK 
YAPHANK 

584 

585 

41.077 
56.576 

Headof  fk?////?o/vs5  l^ean?  o/rr  £ifoce?ta(/£//M £.  oo/T/e/  ^f/^- 
etiii/  0/7^  of  /yya  /^^<f  j  0/?  ^//^  of a/zf  /TZ/f/^/v^  f/v.yy.of 
r/?p/7a/?A  £03/  Off/ce.    _ 

do// ?n /£'o^/(  a/  //?/iy-ja//(y/ of^iftmfa/y /ti?<f5  //n.  f.of  X?/?/?anA 
M///&  900 £.  of  /fs/dencd  of  Af/s.  6/a/a  me  A  5 .  £M?3 
/5'Mofyy^//''fi6. 
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TABLE  64  {Continued) 


LOCATION  \B.M.\  ELBV. 


PESCFf/PTiOA/ 


YAPHANK  1 586  'l26497 1'^'^^^^'^^^'^'^^'^^^^'^'^'^*^'^/'*^ 
1        i     "  \/^/7a^fff/y.//^/7^er/ii//.3M./'^J^/7p.£./zk^^ 


YAPHANK    581  55.801 


YAPHANK    588  19.418  (5.  ^/^/^y^/^^//'^/^^/'^  ^.^7./^^^ 
I   S.  ofma//7  /zW. 

MIDDLE  ISLAND  589  18.745  ».^n(^^ay    nssy^/?^^ ^^M^^ 3M^^^'^/77e 
PLAINFIELD   590  1  l2.384[/'/W^/^>''^^  //7/^as^^5  ^<7//7rva^,  /^/77  f.^?//ym//^/^ 

NO.  PLAWnELD  59 1  'lZO.554  F.of/ya//7f/ey.  3.M/sr?7/^^ay  J:^^ae/7  f}fff/;ffax5a//v//7/^ 


B.W.S.  499 


LOCATION 

ELEV. 

DESCRIPT/ori  <|2) 

YAPHANK 

59Z 

9L683 

Mlin  root  of  Soak  at  intersection  of  main  road  &  secondarij  rd 
to  E. -  a  bout jm.^.  of  Car  mans  Creels  &  aboat  ^m.  ti.W.of 
/unction  of  roads  W.of  Yapiianii. 

CORAM  HILL 

593 

166.683 

"Bent  nail  in  root  of  IS" walnut  JO'S,  of  barn  ofS.S.  Davis 
5  300' from  intersection  of  roads  at  Coram  Hill. 

CORAM  HILL 

594 

154.542 

Hail  in  root  of  10" oak  on  E,  side  road  nea  small  pond  about 
jm.  li.  of  inter  of  roads  at  Coram  Hill.  B.  M.  is  at  lap  of 
gentle  slope  from  pond. 

MANOR 

594A 

47.673 

^Hailin  root  of  iToak  about  15' W.  of  test  well  *269abou[ 
dmW.af  Manor  ^l^m.N.  of  R.  R.  track. 

MANOR 

595 

61.431 

Nail  in  root  of  large  tree  opp  residence  of  JJ.  De  Qroot. 
House  im.  S.  of  church. 

SHOREHAM 

595A 

134.614 

Nail  in  side  of  Shoreham  Inn  signpost  Of 'aboue  ground  at 
intersection  of  roads  i  m.  YU.  of  Shoreham  R.R  Station. 

MIDDLE  BLAND 

596 

64.101 

Hail  in  root  of  large  tree  lO's.ofgatewagtopondPS'Eof  pond 
Im.  H.ofCountrgRoadat  M.  1  Pond  is  opp  house  on  E.sideroad. 

B.W.S.  AH'i 
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TABl.K   ()4  \ConcIiu1c(1) 


LOCATION 

B.M. 

EL5V. 

DE5CRIPT/0N 

MIOOLt  ISLfcHD 

597 

92.214 

Hail  in  root  of  lar^e  oak  opp.  M.  1.  Church  5  school  &  also  opp. 
inter,  of  roads  km.  W.of  M.  1.  Post  (Office. 

LONG  POND 

597A 

5B.421 

Sail  in  root  ofiO" Dine  near  small  pond  im.  S.  Hif  Long  Fond 
5r  Im.  H.  of  Count ri^  Road.  B.M.  ison  S.  side  of  road 

MIDDLE  ISLAND 

598 

65.246 

Nail  in  root  O"^  10  yih  l  t  o^noer'^fj  of  F  /)/7///V-  ^  m  N  of  M.  / 
Church  B.M.is  ICO  t fond 5  s  tonds  alone  in  trmikfonned  Ih)  roadk 

MIDDLE  ISIAMD 

599 

92.221 

Nail  in  root  of  tarj^  magnolia  inar^/f  of fence  on  property 
of  J.  Mart  2m.  /V.  M.  C.  Road  as  B.  H  53 3 ^  7o"S.  of  pond. 

MDOLE  laAND 

600 

118-787 

hail  in  top  of  bend  in  croaked  tree  in  H  E.  angle  jfcras 
roads  Jm  ^li.of  Coram  on  Mt  Sinai  Road 

RIDGE 

601 

87.631 

Hailinrootofld'  oak  on  IS.  side  '/^ h\ she  lj  Road  ZOffW 
of  house  of  Chas- Randall -Zm  N.  W.  of  Ridge. 

RIDGE 

602 

86.441 

ml  in  root  of  W  walnut  at  intersection  of  road  opp  resi- 
dfrce  :^'J.^jndall  B.M.i5  at  Sl/Y.  angle  of  inter  li^.N-o-^'Fidae. 

CORAM 

603 

91.272 

Szirroot  if  f  locust,  inside  of  gate  on  H.  side  M.  C  'Rj..fop. 
residence  ofd  Smith  -ImE.  Coram  5i40W.o  ^put^lic  pump 

l^OCATION  \B.M.  \  ELEV. 

D£5C/f /FT/OA/  (2Ai 

RIDGE 

606 

14.139 

fJailin  roafcf/ofpcch  near  3  Ifayr^r  ^//t^/J^.xifa/' ^S.  E///^ 

RIDGE 

607 

61.579 

Noil  ifl  roof  cfofff  of M'c  /Oloiois  inhiang/e^jnT^gdfy/otj^  at 
E.Mdoft>ndgfimJfof^kig€.  Trrri^moMJB^O. 

RIDGE 

608 

60.451 

tiaiijnrootcf/O'lo^jst  B^'&om  eJt^oE ^nd& /£S'Jt<pf 
ttkjd-  jfj  r^arorikjrn    /7;.Mof  fftd^eSL^OO'Mk^.  o/rsad:>. 

APPENDIX  C 


TOPOGIL\PHICAL  SURVEYS 

BY  JOHN  L.  HILDRETH^  JR.^  ASSISTANT  ENGINEER 

As  soon  as  the  triangnlation  work  was  well  advanced  in 
the  spring  of  1907,  the  topographical  surveys  along  the  pro- 
posed aqueduct  locations  were  started.  All  the  traverses  were 
carefully  chained,  but  the  topography  w^as  taken  entirely  by 
stadia  methods. 

Organization 

The  survey  parties  were  made  up  as  follows:  Assistant 
engineer  in  charge,  one  instrument  man  frodman  or  axeman j, 
recorder  ( rodman  or  axeman  ),  and  four  to  six  axemen  and 
laborers  to  run  stadia  rods  and  clear  the  lines,  and  chain  the 
distance  between  stations. 

?\1ethods  of  Work 

Parties  of  this  make-up  were  usually  able  to  cover  a  strip 
from  600  to  2000  feet  in  width^  at  the  rate  of  about  15^  miles 
per  week.  W  ith  the  exception  of  one  or  two  small  traverses 
at  the  outset,  all  stadia  traverses  were  measured  with  a  chain 
and  the  distances  corrected  for  temperature  and  to  United 
States  Standard.  Numbers  were  adopted  for  the  traverses; 
1  to  299  for  Babylon,  300  to  599  for  Patchogue.  600  to  899 
for  Moriches,  and  900  to  1199  for  Jamaica  division.  Stadia 
stations  were  given  the  traverse  number  and  lettered  from 
A  to  Z.  Shots  were  recorded  by  noting  the  time  at  which  they 
were  taken  and  also  the  rodman's  name:  for  example,  a  shot 
taken  at  10:15  on  Rodman  Powell  would  be  marked  "  1015P." 

The  assistant  engineer  in  charge  used  the  same  notation 
in  plotting  all  important  shots  on  the  sketches  of  the  topography 
that  he  made  in  his  book,  so  that  the  office  force  could  readily 
work  up  the  details  of  the  maps. 

At  the  outset  it  was  recognized  that  in  liic  .  .  ^.crn  part  of 
Suffolk  county,  where  the  land  was  comparatively  level  and 
covered  with  a  growth  of  scrub  oak  and  pine  from  8  to  10 
feet  high,  with  an  ordinary  tripod  a  great  deal  of  trimming 
would  be  required  to  properly  cover  a  strip  1000  feet  in  width, 
which  was  considered  necessar}-.  In  order  to  overcome  this 
difficulty,  a  tripod  8^2  feet  high  for  the  instrument,  and  a  col- 
lapsible platform  for  the  instrument  man  to  stand  on,  were 
designed.    One  of  these  tripods  and  a  platform  are  shown  on 
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riate  r5.  Six  sets  of  these  were  built  and  proved  very  satis- 
factory. They  permitted  the  instrument  man  to  see  over  all 
brush  that  was  not  over  eight  feet  high,  and  the  shots  could  be 
placed  to  great  advantage  at  a  distance  of  600  to  even  1300 
feet  from  the  instrument,  with  very  little  trimming.  Rods  16 
feet  in  lengtli  were  used,  and  nearly  all  readings  were  level 
readings,  which  very  materially  reduced  the  office  work  and 
eliminated  many  opportunities  for  error. 

The  heads  of  these  tripods  were  made  of  two  la  vers  of 
white  pine  thick  and  a  top  layer  of  oak  of  the  same 

thickness,  with  the  grain  crossing,  and  all  held  together  by 
brass  screws.  The  six  cleats  forming  the  bearings  for  the  legs 
were  bolted  to  the  top  with  ><-inch  bolts,  the  3  inner  ones 
being  one  inch  longer  to  hold  the  hexagonal  stiffening  piece  on 
the  bottom.  The  heads  of  all  l^olts  were  flat  and  set  tUish 
with  the  top  so  as  not  to  interfere  with  the  trivet  on  which  the 
transit  was  mounted.  In  the  center  of  the  top  was  a  round 
hole  fi\'e  inches  in  diameter,  which  ga\e  plentv  of  room  for 
shifting  the  instrument  wdien  setting  up  over  a  station.  The 
legs  were  of  oak  three  inches  ])y  four  inches  at  the  top  and 
tapering  to  1  inches  by  two  inches  at  the  bottom,  grooved 
for  five  feet  in  order  to  lighten  them,  and  shod  with  iron 
>hoes  having  a  lip  at  the  top  to  drive  them  into  the  groimd. 

The  ]:)latform  was  triangular,  the  top  l)eing  about  four  feet 
on  a  side,  l  lie  stand  consisted  of  two  panels  made  of  two  up- 
rights, two  inches  1.)}'  four  inche<.  held  together  at  the  top  and 
bottom  ])\  a  1-incli  by  3-inch  slrij)  with  a  diagonal  of  the  ^ame 
size.  The->e  ])anels  were  hinged  togetlier  ])\-  two  light  l)Utl 
hinges.  The  third  side  consisted  cf  two  diagonals  one  inch  by 
three  inclies.  hinged  at  the  to])  by  tight  butt  hinges  and  at  tlie 
bottom  b\-  loose  butt  liinges.  \\y  pulling  out  the  loose  hinges 
these  diagonals  could  l)e  folded  in  and  the  two  panels  folded 
together  and  liooked  for  transportation.  The  top  was  hooked 
to  the  stand  at  all  three  corners.  Twenty-fonr-onnce  phinib- 
hol)>  were  Used  and  the  inslrunienl  hight  taken  with  a  steel 
tape. 

Ill  the  central  and  eastern  portion  of  .Suffolk  cnuiitv  these 
tripods  t-(inld  not  be  used  to  much  adxaiUage.  on  act'onnt  <•! 
the  roUL'li  i-oiinlr\-  and  heaxw  growth  of  trees  abo\-e  the  to]) 
of  the  tripods.  Wvvv  the  ordinar\-  tripnd  was  nsed  and  short 
spur  lines  were  run  on  both  side-  of  the  main  traxerses.  in 
order  to  e<)\er  the  ground  without  unnecessary  triinniing. 

The  niethdd  nf  the  field  work  was  as  f!)llows:  A  transit 
was  set  up  on  the  ordinar\-  tripod,  or.  if  the  high  tripod  was 
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used,  on  a  trivet.  The  angle  from  the  rear  station  U)  the  for- 
ward station  was  turned  from  left  to  right  from  two  to  four 
times,  using  either  sight  rods  or  plumh-hohs  for  sights,  and 
the  value  of  the  angle  computed.  The  instrument  was  then 
set  on  the  back  azimuth  and  on  the  back  station,  then  turned 
to  the  forward  station  and  the  forward  azimuth  read  as  a 
check  on  the  calculated  azimuth.  The  magnetic  bearings  of 
both  lines  were  also  read  as  a  check.  Stadia  distances  and 
difference  of  elevation  to  both  stations  were  also  obseri^ed  to 
check  the  chaining,  \\dien  the  stations  were  over  500  feet 
apart,  a  field  check  for  elevation  was  made  bv  setting  up  the 
transit  half-way  between  the  stations  and  taking  level  readings 
on  both.  In  this  manner  it  was  possible  to  carry  the  levels 
very  accurately  from  one  bench-mark  to  the  other. 

In  taking  the  topography,  the  stadia  rods,  two  to  four  in 
number,  were  strung  out  at  right  angles  on  one  side  of  the 
line  150  to  500  feet  apart,  depending  on  the  character  of  the 
ground,  and  all  moved  forward  as  far  as  desired.  They  then 
crossed  the  line  and  moved  back  towards  the  instruments, 
maintaining  the  >ame  interval.  Fn  some  of  the  parties,  whistles 
were  used  to  direct  the  rodmen  in  the  thick  scrul)  oak  when 
they  were  out  of  sight  of  the  instrument  most  of  the  tinie. 
I^ach  rodman  had  a  number  by  which  he  could  l)e  called.  AMien 
the  instrument  man  sighted  on  a  rod.  he  gave  the  rodman's 
whistle  number,  and  if  he  wished  him  to  move  to  the  right  he 
gave  one  short  blast,  or  to  the  left  two  short  blasts  of  the 
whistle.  When  the  instrument  man  had  finished,  he  gave  the 
rodman's  number  again  followed  by  one  long  blast,  when  the 
nxlman  turned  his  rod,  with  his  back  to  the  instrument,  and 
moved  to  the  next  point  as  directed  by  the  head  of  tlie  party. 
This  was  found  to  be  a  very  easy  and  (piiet  manner  of  handling 
a  party  in  the  field. 

The  traverses  were  run  between  triangulation  stations,  and 
as  soon  as  the  closure  was  made  and  the  traverse  completed, 
the  notes  were  turned  in  to  the  office  to  be  reduced,  and 
checked  and  plotterl. 

There  were  two  methods  employed  in  closing  these  tra- 
verses; either  the  error  of  closure  in  azimuth  was  distributed 
ef|ually  through  all  the  sides  of  the  traverse,  and  the  traverse 
then  closed,  or  it  was  closed  without  any  correction  in  azimuth. 
After  the  error  was  determined,  it  was  distributed  in  the  usual 
manner  through  the  nf)rthingrs,  southings,  eastings  and  west- 
ings, and  the  corrected  distances,  bearings  and  co-ordinates 
of  the  stations  calculated. 
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The  work  was  plotted  on  white  mounted  paper  sheets,  26 
inches  by  40  inches,  to  a  scale  of  1  inch  equals  200  feet.  The 
workings  sheet  consisted  of  three  squares  by  two  squares,  the 
co-ordinate  lines  beinc;-  2400  feet  (or  12  inches)  apart  each 
way. 

The  stadia  stations  were  first  plotted  by  their  c;)-ordinates, 
with  the  number  of  stations,  the  elevation  and  the  line  connect- 
ing- the  stations  inked  in.  The  side  shots  were  then  plotted 
and.  in  most  cases,  inked  in.  Then  the  topogra])hv  and  con- 
tours were  usually  put  in  in  pencil  and  afterwards  inked. 

By  this  method,  as  soon  as  the  shots  were  plotted  and 
inked  the  contours  could  be  drawn  in,  if  necessary,  and  in  no 
case  would  the  elevations  be  obscured  by  any  of  the  following- 
work. 

Average  error  of  closure  of  traverse  1  5900. 

SUFFOLK  COL'XTY  SURX  KYS 
The  amount  and  cost  of  work  in  Suffolk  count\  is  as  f^^l- 
lows : 


Length  of  traverses,  miles   213.3 

Number  of  stations   2,5*^^ 

Approximate  number  of  shots   41. SoS 

Area  covered 

S(|uare  miles    28.76 

Acre-^    IS.IOr) 

Xumber  of  t()i)ograpliical  >heets.  2()  inches  b\- 

40  inches   134 

Salaries  (survey  and  calculation),  materials,  etc. 

(  no  executive  )    S42.05S.S5 

Six  S'/,-foot  tripods  at  S20   120.00 

!^ix  platforms  for  Sl^^-foot  tripods  at  S()   3'). 00 


'i^.tal  cost    S42.214.S5 

Cost 

l/er  mile  of  traverse   $1*^7. <)0 

I'er  s(|Uare  mile   1,4^7. S3 

iVr  acre   2.2') 


(  )n  Sluci  174,  Acc.  16094,  is  shown  a  typical  set  of  field 
note's  and  tai)nlati<  )n>  ot'  errors  ot"  closures  of  llic  ira\  ersc>  in 
Suffolk  county. 

.Ml  traverses  were  tabulated  on  S'  _.-inch  b\  1  1-incli  tracings 
wliii-li.  wlien  bhu-  printed,  (-(inld  be  cut  intu  5-iiu-li  by  S-incli 
.slieets  !<•  insert  in  field  notr  hodks. 
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TABLE  65 

Tabular   Statement   of   Error   ix   Closure  of  Stadia 
Traverses,  Suffolk  County 


Azimuth 

Length  of      Length  of     Closure  Error  Error 

Traverse  Xi  mber        Traverse       Traverse     ,   ,  of 

Feet              Miles         Minutes  Seconds  Closure 

1 

1738 


1   8,530.4  L616  02  57.8 

lU.    2.484.1  0.470  01  20 

2   3.412.5  0.646 

4   6.233.2  1.180  00  40 

5                                              862.7  0.163  02  00 

6   4.180.8  0.791  02  00 

7   2.253.1  0.426  00  20 

9   3.204.6  0.608  01  00 

10   7.305.6  1.395  01  40 

lOB.    2.413.31  0.457  02  54.5 

10  X   5.488.19  1.039  02  02.5 

11..  S. 092. 28  1.532  00  13.1 

12.  .  5,310.93  1.005  01  00 

13...  1,921.08  0.303  00  20 

14...  6.8.50.24  1.297  00  15 

15   0,809.73  1.289  00  03 

10   5.510.52  1.0»4  00  01.3 

17.  .  .  5. (ICS.  10  0.959  00  07 

18.  .  ,                                 .  12.(;87.01  2.402  01  02.8 

19.  .  8,974.00  1.0(17  02  20. S 
2t)..  11.208.S8  2.131  OO  o;{ 
21  .  .  I  1,213.28  2.091  02  I 
21  R  1.02;LOO  0..372  02  10 


1533 
2280 
1070 


750 
1 


1060 
1 


1050 
1 


1730 
1 


1370 
1 


687 
1 


1660 
1 


9954 
1 


11908 
1 


10673 
1 


8782 
1 


7918 
1 


22986 
1 


4407 
1 


4301 
1 


3771 
1 


270 
1 


3900 
1 


1350 
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TABLE   65  {Continued) 


Azimuth 

Length  of      Length  of     Closure  Error  Error 

Traverse  Number        Traverse       Traverse     .  ,  of 

Feet              Miles         Minutes  Seconds  Closure 


22   7,731.51  1.464  01  57 

23   23,019.67  4.359  04  43.6 

24   10.160.28  1.924  00  11 

24,25,26,27   12,734.00  2.411  01  23.8 

26   2,541.14  0.481  00  43 

31    10,777.25  2.041  00  44 

33   3,477.63  0.658  00  28 

35A   7,861.59  1.489  00  14 

35   3.779.49  0.715  00  29 

37   5.857.87  1.109  03  28 

38   7,757.04  1.469  00  02 

41    4,547.00  0.861  00  02 

43   7,855.43  1.487  01  05.3 

44   17,156.81  3.249  01  38 

45   20,209.00  3.825  00  21.5 

46   7,194.50  1.362  00  22 

.301    10,161.15  1.920  00  30 

302   6,644.93  1.258  01  05 

303   6,953.08  1.317  02  30 

301                                   ..  6,520.51  1.234  00  42 

305   8.560.98  1.620  00  02 

306   15,445.84  2.925  01  10 

307                                ...  9.546.56  1.807  01  40 

.308..    7.093.48  1.343  00  10 


5000 
1 


5137 
1 


8680 
1 


7240 
1 


5500 
1 


5092 
1 


6200 
1 


24499 
1 


6268 
1 


4650 
1 


13202 
1 


7100 
1 


8100 
1 


2120 
1 


3490 
1 


3650 
1 


5670 
1 


8306 
1 


4730 
1 


12075 
1 


47561 
1 


51486 
1 


2993 
1 


3385 
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TABLE   G5  {Continued) 


Azimuth 

Length  of      Length  of     Closure  Error  Error 

Traverse  Number        Traverse       Traverse     .   .  ,  of 

Feet  Miles        Minutes  Seconds  Closure 


309.310   21,689.68  4.110  00  07 

311.312   11.896.43  2.250  01  50 

313   1.910.49  0.362  00  41 

314   12.004.75  2.270  02  30 

315   11.395.72  2.155  01  10 

316.  .157   4.427.99  0.838  00  20 

317-1   9.218.87  1.745  01  20 

317-2   2.9.59.63  0.560  00  20 

317-3   3.093.77  0.585  00  10 

319-1   6.853.85  1.298  00  00 

319-2   1.. 566. 41  0.296  00  03 

320   4.100.35  0.776  00  14 

321  :^,S74.74  ().7:J3  00  03 

322   (i.09().95  1.153  01  10 

323,  325   4,993.84  0.945  01  20 

.•{21    4.745.26  0.89S  00  20 

326  .  6,014.66  1.139  00  03 

327  .  6.579.56  1.285  02  03 

32.S    2.967.20  0.562  00  40 

32(1  :{.();n.S7  0.574  OO  50 

  .•!..')95..")()  0.6SI  00  WW 

S.'.CiC.  17  1.690  00  OS 

333.  .  .  .  ;i. 255. S4  0.617  00  51 

339   3.002.04  0.568  OO  04 


3973 
1 


3992 
1 


3294 
1 


3017 
1 


3600 
1 


1800 
1 


4300 
1 


1470 
1 


4650 
1 


3720 
1 


1740 
1 


6530 
1 


3500 
1 


8240 
I 


5095 
1 


2372 
1 


3700 
1 


1717 
1 


1639 
1 


1350 
1 


4  48 
1 


1700 
1 


6500 


703 

TABLE   Go  (Continiied) 


Traverse  Number 


Azimuth 

Length  of     Length  of     Closure  Error  Error 

Traverse       Traverse    .  --'  ,  of 

Feet  Miles         Minutes  Seconds  Closure 


340   5,122.79  0.970 

341    4,216.90  0.798 

342   5,233.59  0.990 

343   1,834.47  0.347 

344   3,742.92  0.709 

345   987.28  0.187 

340   1,718.55  0.325 

347   2,503.77  0.485 

351   11,931.79  2. 200 

352,  353   27,985.09  5.300 

353L,  353V   1.700.07  0.322 

354   5,599.93  1.000 

355   5,008.70  1.072 

350   9,494.34  1.798 

357,310   4,427.99  0.837 

3.58   9,470.73  1.797 

3.59   4,995.73  0.945 

GOOA  to  003R   20.747.78  3.920 

003T  to  0f)5B   12,001.08  2.275 

004R  to  0()4Y   3,879.95  0.735 

004Z  to  007E   9,240.22  1.748 

608A  to  008X    0,988.10  1.322 

009A  to  OlOC   1  1,310.75  2.140 

611Bto011P   5,233.19  0.991 


00 
00 
00 
00 
00 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
01 
00 
00 
01 
00 
00 
00 
01 
01 


30 

03 

10 

05 

40 

50 

40 

03 

00 

57 

20 

50 

00 

10 

20 

37 

30 

12.3 

07.1 

45 

45 

30 

47 

24.0 


3739 
1 


4300 
1 


3800 
1 


2911 
1 


2012 
1 


7594 
1 


1273 
1 


1473 
1 


5077 
1 


3124 
1 


1570 
1 


3140 
1 


19500 
1 


4230 
1 


1800 
1 


14100 
1 


5110 
1 


5700 
1 


3727 
1 


2337 
1 


4995 
1 


3119 
1 


3065 
1 


3584 
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TABLE    05  {ConcJudcd) 


Traverse  Ximber 

Length  of 
Tr.werse 

Length  of 
Tr.werse 
Miles 

Azimuth 
Closure  Error 

Error 

OF 

Minutes  Seconds 

Closure 

611P  to  GllS  

3, .597.72 

0.680 

00 

15 

1 

3598 
1 

612  

14,131.33 

2.675 
2.240 

01 
01 

01.6 
40 

11,823.19 

7807 
1 

1300 
\ 

014  

9,259.13 

1.754 

01 

06 

5612 
1 

9900 

Glo.  . 

10,8.54.99 

2.054 

00 

23 

61  OA  to  Wcstheacl  

16,165.91 

3.060 

02 

00 

1 

7772 
\ 

4553 

610AE  to  016M  

10,380.83 

1.965 

00 

10 

617A  to  617B('  

18,082.67 

3.420 

00 

06 

1 

4000 

017BD  to  617BY  

5,139.13 

0.972 

618..   

9,770.03 

1.8.50 

00 

40 

1 

4500 
1 

61  OA  to  (ilOAA  

13,492.15 

2.550 

5000 

619AB  to  6H»AF   

3,709.28 

0.702 

620  

8,101.08 

1.533 

00 

02 

\ 

4400 
1 

621 

4,4  26.28 

0.838 

00 

30 

6147 
1 

2SS4 
1300 

622. 

5,99S.74 

1.136 

00 

05.5 

62;{ 

7.191.31 

1.361 

( )0 

35 

624 

1.5  IS. 34 

0.860 

00 

20 

1 

2185 

62.") 

18,55.S.97 

3.515 

00 

50 

1 

11217 
1 

6.12 

2.232.57 

0.  123 

01) 

It) 

1800 
1 

20:)75 

6;{:{ . 

1  1.956.22 

2.260 

17.S26.22 

.3.375 

02 

40 

1 

4  270 

635  an<l  6:m 

Nut  (  ulllpu 

<•(!         .  . 

•  (2 
01 

01)  Nc 
51) 

1 

Avcr.iKo  frrf)r  of  closure 

5900 
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STADIA  SURVEYS  IN  NASSAU  COUNTY 

In  this  work  only  one  U.  S.  Coast  Survey  station  was  used 
as  a  control.  This  one  being  "  Episcopal  Church  spire/'  Soutli 
Oyster  bay  ( Massapequa) ,  one  continuous  traverse  being- 
carried  from  Hospital  station  in  Amityville  to  "  Roeckels  "  at 
Rosedale.  For  this  work  a  party  was  made  up  as  follows : 
Assistant  engineer  in  charge,  one  instrument  man  (either  a 
topographical  draftsman,  rodman  or  axeman),  one  recorder, 
and  from  four  to  six  axemen  and  laborers  to  run  stadia  rods, 
clear  the  line  and  chain  the  distance  between  stations. 

A  ])arty  made  uj)  in  this  manner  could  cover  about  one 
mile  a  week  on  a  strip  about  600  to  2000  feet  in  width.  This 
depended  a  good  deal  upon  the  nature  of  the  country ;  the 
rate  of  progress  was  ver)-  much  slower  through  the  villages  of 
Freeport  and  Lynbrook.  The  first  closure  was  made  at  Massa- 
pequa on  the  U.  S.  Government  station  and  was  1  in  about 
9000.  In  closing  through  from  Massapequa  to  Rosedale,  the 
error  in  azimuth  was  about  eight  minutes  and  in  closure  1  in 
5039.  This  error  in  azimuth  would  have  l^een  decreased  about 
four  minutes  if  the  corrections  had  been  made  at  Freeport 
and  Lynbrook  that  were  determined  by  the  observation  on 
Polaris.    Average  closure  of  all  traverses  1/9800. 


Length  of  traverses,  miles   33.8 

Number  of  stations   264 

Approximate  nu.mber  of  shots   6,054 

Area 

Sfjuare  miles   6.3 

Acres    4,032 

Number  of  topographical  sheets   27 

Total  cost,  including  salaries,  team  hire  and  travel- 
ing expenses  (field  expenses  only)   $3,094.01 

Cr.st  ' 

Mile  of  traverse   $91.54 

I'er  s(|uarc  nnle   491.11 

Per  acre   0.77 
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APPEXDIX  C 


Errors  of  closure  of  the  traverses  in  Nassau  county  are 
shown  in  the  following  table : 


Traverse  Xvmber 

Length  of 
Traverse 
Feet 

Length  of 
Traverse 
Miles 

Azimuth 
Closure  Error 

Minutes  Seconds 

Error 

OF 

Closure 

39  

6.280.19 

1.189 

00 

31 

1 

22302 
1 

4880 
1 

6000 

40  

10,870.00 

2.056 

01 

41 

105  

•1.680. .3 

0.884 

00 

11 

106  

7,319.27 

1.386 

00 

38 

13140 

225  

84.653.2 

16.035 

08 

51 

1 

5059 
1 

229  

15.153.05 

2.881 

00 

21 

7360 


1 

Average  error  of  closure   

9800 

STADIA  Sl'R\  EYS  IX  THE  COUNTY  OF  OUEEXS 

W  ith  liic  azimuth  stakes  already  established  at  Ridgewood 
reservoir,  "  Aqueduct,"  '  Metropolitan, "  and  "  Roeckels,"  the 
stadia  surveys  were  carried  east,  beginning  at  Ridgewood 
reservoir.  These  closed  on  the  three  latter  stations  very  satis- 
factorily, only  a  few  being  below  the  standard  of  1  in  5,000. 
and  one  being  as  high  as  1  in  754,000,  the  average  closure 
being  one  in  f)7,300. 

Eor  this  work  a  part\'  of  nine  men  were  used,  made  up 
as  follows : 

Assistant  engineer  in  charge,  instrument  man,  recorder, 
and  four  to  six  rodmen. 

A  Ruff  and  lUilI  5-inch  20-secoiid  transit  was  used  with 
the  ordinary  low  tripod.  (  )n  this  work  the  traverse  line  was 
run  first,  measuring  tlie  angles  and  distances;  the  topograi)hy 
was  taken  later.  The  angles  were  always  measured  from  lelt 
to  right  sighting  on  the  rear  station,  three  to  six  angles  being 
tiinic-d.  Tlu'  magnetic  bearing  was  read  on  both  lines,  and  as 
a  check  on  the  angle  work  before  taking  any  topography,  the 
instrument  was  set  on  the  back  station  on  the  back  a/imiuh 
an.l  tiiniud  on  the  forward  station,  and  the  a/.imiith  read. 
Lfvcl  readings  wwv  taken  both  ways  to  delermine  the  eleva- 
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tion  of  the  hubs.  On  this  work,  a  strip  averaging  about  1,500 
feet  in  width  was  taken. 


Length  of  traverse  in  miles   28^ 

Number  of  stations  set   340 

Approximate  number  of  shots   8,200 

Area  covered 

Square  miles   4.28 

Acres    2,740 

Xumber  of  topographical  sheets  (26  inches 

by  40  inches)   19 

Salaries  and  expenses,  including  supplies, 

materials,  etc.  (no  executive)   $9,400.00 

Cost 

Per  mile  of  traverse   $330.00 

Per  square  mile   22.20 

Per  acre   3.43 


Errors  of  closure  of  the  traverses  in  Queens  county  are 
shown  in  the  following  table : 


Traverse  Xlmber 

Length  of 
Traverse 
Feet 

Length  of 
Traverse 
Miles 

Azimuth 
Closure  Error 

Minutes  Seconds 

Error 

OF 

Closure 

900,901.. 

20,(51.5.09 

3.89 

03 

38 

1 

5800 
1 

902 

17,072.03 

3.23 

01 

02 

3600 
1 

903  

904  

21,427.84 
13,566.20 

4.05 
2.56 

03  36 

Connected  with 
from  Amityville 

4550 
traverse 

1 

906  

10.460.22 

1.98 

00 

46 

19000 
1 

907  

6,516.60 

1.23 

01 

57 

40400 
1 

754200 
1 

908  

7.542.49 

1.43 

00 

12 

909  

910  

15,159.66 
1,942.80 

2.87 
0.37 

01 
00 

15 
39 

3100 
none 
1 

911  

10,654.80 

2.02 

01 

22 

10500 

912   

2,163.55 

0.41 

02 

40 

911. 

3,321.29 

0.63 

00 

26 

1 

5600 
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Traverse  Number 


Azimuth 

Length  of      Length  of      Closure  Error  Error 

Traverse       Traverse      .  _^ —  ^  of 

Feet  Miles        Minutes  Seconds  Closure 


950   7.239.06 

951   3,375.95 

1001   25,203.83 

1002   18,612.89 

1 

Average  error  of  closure   

67300 


1.37 
0.64 
4.77 
3.52 


00 
00 
01 

02 


07 
46 

05 
33 


14300 
1 


2100 
1 


4200 
1 


7000 


SHEET  175 


SHEET  176 


PLATE  55 
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on  Moriches  division   592 

on  Patchogue  division   592 

Bayshore  ground-water  supply,  iron  in   161,162 

Bench  levels,  primary   645 

Bench-marks    646-648 

error  of  closure   647,  648 

Bennett,  F.  G   477 

Blythebourne  Water  Company   71,  261 

Board  of  Water  Supply,  act  creating   1 

Board  of  Water  Supply,  duty   1 

Bonsteel,  J.  A   521 
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municipal   and   private   34 

New  I'trecht  Water  Company   261 

Kidgewood  system,  dc;,(rli»t ion   257 

yield    ;;  I.  5ti 

Brush,  W.  W   11 1 1,  257 

Carpenter,  11.   W   :!2i»,  3:'.3 
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cost  of  operating  wells  and  galleries   215-218 

cost  of  operation  and  maintenance   445,446 
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Queens  county    598 

Van  Wycklen  vs.  the  City  of  Brooklyn   573 

Veatch,  A.  C   73 

Water  bearing  strata.  Long  Island   168 

gray  sands    78,  170 

yellow  sands   78,168-170 

Water  consumption,  Brooklyn   56.74 

Water  legislation  for  City  of  New  York 

request  of  Chief  Engineer   3.  6,  16 

Watersheds 

Croton,  run-off    120 

European,  yield  of   79 

Ridgewood  system 

area   61,  62,  79 

character  of    263,  264 

po|)ulation  on    159 

yield   62.  64-66.  79 

Suffolk  County 

area    36 

poi)ulalion    .•',7.  158 

rainfall    36 

run-off   107.  1  11113.  127 

surface  geology   KM.  106 

yield   11(1.  111.  12s.  1*29 

yield  of  Long  Island,  comparid  wiiii  Croton  ami  others   llit  12i; 

Water  sui)ply,  Brooklyn   60.7  1 

consumption    56,  74 

per  caiiila  consumplion   71 

jiresent  and   i)rospe(tiv('   '''iV71 

relation  of  consumption  to  su])p|y   71.75 

shortage    55 

sources   .M,  ,'")(;.  262,  263 

total  supply   5i; 

Wilier  supply,  sources 

additional  for  New  York  City   27 

Brooklyn   I? 4.  56,  262.  263 

ground-water   57.  5S.  72,  76 

roHt   58 

Long  Island    7<i.  7 1 

l'"(»)ni(   rlvi-r  .    5^ 
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Suffolk  County   57,58,76,77 

Western  Long  Island   57 

Water  table,  lowering  of   II7 

Water  works,  Brooklyn   257-261 

Ridgewood  system,  yield  61,62,65,66 

yield  of  present  system   56 

Water  works,  description  of,  at 

Amityville    55I 

Bayshore    553 

Patchogue    554. 

Quogue    555 

Riverhead    557 

Wells    81 

Garden  City   195 

Long  Island   224-255 

Nuremberg   195 

Ridgewood  system   268-273,275-277,279-283 

Ridgev/ood  system,  analysis  of  sediment   200,202 

Suffolk  County    181 

advantages   219,  220 

clogging  of  screens   200-203 

cost  of  operating  •   216-218 

depth   181,  184 

grouping    186 

time  for  constructing   217 

type    223 

with  gravel  filter   200 

tile,  or  Bollard   195 

Well  practice 

American    195 

European    187 

Well  system   307-322 

layout— Table  25   321,322 

method  of  pumping   37 

j)roposed   320 

stovepipe   310,314,315,317,318 

Suffolk  County,  gravity  flow  to  aqueduct   220,221 

Suffolk  County,  cost  of  operating   216,  217 

Whipple,  G.  C  101,455,510,537,541 

Yield 

Nassau  and  Queens  County  sources   21,34 

Ridgewood  catchment  area  62-66,  79,  115,  116 

Suffolk  County  catchment  area   114-119 
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